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“Our modem culture is developing greater and greater control over man’s environ- 
ment — the planet earth. Although we may poke out into space a bit, our immediate 
future is here on carthAVc must come to peaceful terms with ourselves and our en- 
vironment if we are to survive. Time is running out. Our material resources arc 
being depleted and our numbers at the same time arc increasing at an astonishing 
rate. I am an optimist — I think we can maintain this planet as a fit place to live and 
I think the integrated pest control approach is an essential part of the future scheme 
of things. Let’s get on with the job.” 

Ray F. Smith 

Annual Meeting of 

Western Forestry Pest Commitics, 

Western Forestry and Conservation Association, 
San Francisco, California, 

December io, 1963 
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CHAriiiK. i 


Introduction 


Observations on various groups of entomophagous insects were being made for 
many years. The peculiar and complicated relations between host and parasite were 
subjects of interest of the earliest authors in entomology. Nevertheless, only the 
concept of biological control and its further development undertaken by various 
specialists have greatly stimulated this research trend. The observations on ento- 
mophagous inserts were carried oat purposely — how to utilize them for man. It 
was soon found that the more or less occassional observations of the early workers 
showed certain insects to be valuable agents in limiting the population numbers of 
their hosts, but at the same time, it was found that new viewpoints must be developed 
and applied in research. Various trends, which arc mostly a character of every new 
research, from overestimating the value of taxonomy to overestimating the value 
of practical viewpoints, can be found in the history of research of entomophagous 
insects. A similar situation can be seen to occur as to the relation of entomophagous 
inseas and chemical treatments. Today, and this state can be classified as generally 
accepted, there is no doubt of the relative value of all the branches, the complex 
viewpoint being applied. 

The above remarks can also be applied to the aphid parasites. The 19th century 
can be classified as “generally taxonomic”, there being the main aspect of research, 
the composition and description of the fauna in various countries and territories. 
We can, however, also in that century find many papers where the ecological aspect 
was stressed also. At about the beginning of the 20th century, besides the further 
development of taxonomy, more detailed papers appeared on the biology of the 
groups, as well as some papers dealing with the biological control possibilities and 
experiments. These attempts and trends exhibited various levels and intensity in 
different countries. 

The period of our contemporary era is characterized by revision and further 
development in taxonomy and, by a higher percentage of biological papers. A 
basic stone, if we may use this expression, and simultaneously a stimulating factor 
that directed interest to the group of aphid parasites as agents m aphid control, were 
the activities of Californian workers connected with the biological control of 
Therioaphis trifohi, an introduced pest aphid of alfalfa m California. This work 
showed, on the one hand, the great importance of some parasites as control agents 
as well as further possibilities for obtaining other parasites for the control of other 
pest aphids. On the other hand, however, a basic lack of information on the parasites 
became apparent, starting with their specific identification, not to mention data on 
distribution, biolog)’, etc., all of these being of basic significance m biological control 
work. Since that time, the praxis exerted a true pressure on the taxonomy and 
ecology research trends with respect to aphid parasites. However, on the reverse 



side, taxonomists and ecologists have opened many problem* and new aspect* as to 
aplnd control by parasite*. 

This state of research has naturally resulted in the appearance of a larger quantity 
of papers on aphid parasites, dealing with all branches from taxonomy to integrated 
control. A detailed study of these papers undertaken by the author in connection 
with his research work lead him to the idea of elaborating the biology of aphid 
parasites in a comprehensive way with respect to their use m the integrated control 
of aphids, Tim idea is far from being original. Many books on general biological 
control have already been published, many of them being prepared by teams of 
skilled specialists. Generally, there is no doubt tlut a similar task is rather difficult 
to fullfii. All branches of research work must be covered adequately, which of 
course depends on the author’s own experience and on the number and quality of 
various literary records published. Nevertheless, the records arc often of unequal 
value and a ncccssarj generalization may result, and probably does so, inaccurately 
or even erroneously. Desides, it is not possible, owing to perpetual development of 
science, to nuke certain definite statements or viewpoints in different branches as 
new and new aspects appear. Moreover, the aphidud wasps are a group of parasites, 
and it has been correctly stated by BODf MirtMIR & swirskt (1957) as to their hosts— 
the aphids: “The student of aphids is requested never to general ire". However, a 
parasitologist needs a certain generalization w ith respect to a host-parasite relationship. 

A complex elaboration may have a basic advantage: the whole matter is explained 
in a continuous way so that the reader may well understand the various connections 
and peculiarities. This book is the result of a long study of the world’s fauna, field 
research in different zones and countries and certain laboratory and field praxis in 
aphid control by parasites. Naturally, in some parts of the book ssc followed literary 
sources mostly due to lack of our practical work in certain branches. Similarly, there 
arc various deductions and research projects included in the book that have to be 
dealt with in the future. This is quite intentional as we want to inform the reader 
of the problems of the research too, to enable him to become sufficiently oriented 
in research as well. We have mostly avoided any discussion about certain unclarificd 
problems, more detailed information being found in references added. 

The scheme of the book is original too. It may seem to be somewhat complicated 
to a reader, and it surely is. Moreover, there arc many paragraphs that overlap. We 
find it necessary to show or stress certain connections. To enable the reader to get 
more detailed information as to the separate themes, corresponding references arc 
given under the separate theme or chapter. Survey of literature pertaining to this 
book, was concluded approximately in the first half of 1967. 

In this introductory part of the book, I should like to express my sincere gratitude to 
Prof. Dipl. Ing. Dr. £. schimitschek for enabling this work to appear in the “Scries 
Entomologica”. 

I should like also to add my most grateful thanks to Dr. W. Junk N. V. -Publishers, 
for their untiring efforts and work connected with the preparation of the compli- 
cated manuscript and its publication. 

We arc indebted to Mrs. B. keouckova, a native English woman, for her scrupulous 
care in editing the English language ofthe whole man uscript, which was a scry difficult 
task, the aim being to bring the somewhat peculiar English stjle of the author whose 
mother tongue is Czech, more into conformity with the laws of the English language. 

Our cordial thanks arc also expressed to Mrs. N. Brazdilovi and Miss M. Vavfi- 
chovi (Institute of Entomology, Czechoslovak Academy of Sciences) for their 
valuable technical assistance during the preparation of this manuscript. 

Prague, December 1967 
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CHAPTER. II 


Methods 


SEARCHING for aphids AND PARAsrrES. General problctmtics of research must be 
taken into consideration before any work with aphid parasites is begun, to prevent 
time losses and possible mistakes. There will be a somewhat different approach to the 
problem in the ease of a complex research of the whole aphid parasite fauna of a 
given territory than in a ease where only a single pest aphid species has to be searched 
for. 

- basic research of the parasite fauna of a given country must follow these trends: 

I. The composition of the aphidtid fauna of the area or country. General knowl- 
edge of the basic features of world fauna and knowledge of the fauna of neighbouring 
countries or areas is necessary in order to understand the distribution of parasites, 
their biology, etc. Ever)' country is a part of a given zone, and this fact must undoubt- 
edly be taken into consideration. 

In every parasite species the following must be mentioned: A. Distribution: 
Geographic distribution of a parasite is helpful in the classification of the fauna of the 
country. B. Habitat: Occurrence of a parasite in a given habitat gives information 
on its distribution in a given zone. C. Host: All aphid hosts known from the country 
or area are listed. D. Host specificity records must include the general characteristics 
of host-specificity range of a given parasite species, showing the host preference by 
the parasite for separate aphid groups or species. E. Phenology. Field observations 
give many records on the seasonal occurrence of separate parasite species. Their 
summarizing may provide at least some general knowledge on parasite occurrence, 
and may show certain peculiarities — such as diapause, eta, — in addition, F, Economic 
significance: In this respect, the parasite is classified at first in relation to aphid groups, 
whether it attacks economic pests or not, if its main host is a pest or not, etc. Further, 
its significance in limiting the given pest is mentioned. G. Notes. Field observations 
give a great number of varied detailed observations which have to be mentioned 
under separate parasite species. 

a. Parasite complexes of the main aphid pests and their effectiveness in various 
ecosystems. 

3. Host specificity of the separate parasite species. Field observations based on 
numerous samples permit us to classify the host specificity of parasites. The host 
specificity range is one of the basic features enabling the ascertainment of the relation 
of the parasite to various members of an ecosystem and also to other ecosystems. 

4. Natural limitation of aphids by parasites during the season. Field observations 
usually give only general records about the effectiveness of separate parasite species, 
however, such records have to be noted, giving at least general information on the 
significance of a parasite in a given area. A skilled observer may give much helpful 
information to biological control workers. 
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Basic research must be started in quite a rational way to represent a true basis for 
applied research trends. With respect to our experience, basic research must follow 
the undermentioned scheme: 

X. General characteristics of the landscape and rough division into typical lands of 
habitats. 

2. General knowledge of the biology of aphid species in a given district or area. 

3. In different kinds of habitats, except perhaps extensive areas of monocultures, 
all the aphid species obtainable are collected. If it is possible, the sampling will cover 
the whole season. 

4. In every habitat, especially in cultivated fields, it is necessary to classify the 
environment, for example, the adjacent areas. In cultivated crop fields it is recom- 
mended to take samples from central parts of the fields and from the edges to cover 
the ccotonc problem, parasite dispersal, relations of the ecosystems, etc. 

5. Each sample must be labelled and the records put in a catalogue where all field 
notes arc also mentioned (sec below). 

- APPUFD RESEARCH is directed towards a given pest species and factors influencing its 
occurrence in a given country. In an integrated contml program, the composition, 
ecology and effectiveness of the parasites arc rather important. 

sampling. The aphidud group of parasites includes aphid parasites exclusively. This 
results in relatively easy sampling methods and techniques, as all the sampling activ- 
ities are directed to a single group of hosts. However, although being a single group 
of hosts, aphids arc occurring today in rather various environments and it is a matter 
of several years and hard theoretical and practical knowledge to obtain good sampling 
experience. 

- samplinc of aphid colonies. The best way of obtaining the parasites is to collect 
aphid colonies on various plants and rear them, although being naturally seasonally 
dependent, most of the aphid colonics arc attacked by parasites. It is not important 
whether a colony of aphids includes dead mummified aphids — a clear proof of para- 
site presence — or not, the higher mstar parasite larvae, if present in the colony 
collected, will reach maturity and mummify aphids during 2-3 days before the 
aphids die, due to lack of food in the samples taken. 

The most suitable method is to collect portions of plants with aphid colonies and 
put them in small glass or plasttc vials of approx. 2$ x 60 mm in dimension. A piece 
of dense ny Ion texture tied with rubber is put on the open top of the vial to prevent 
the escape of emerged parasite adults. Smaller portions only arc recommended to be 
put into the vials. 

If large portions are put into vials there is danger of fungi developing and spoiling 
the whole sample. 

In every case, we recommend to look through the samples every 2-3 days after 
being taken in the field. 

Sometimes it is necessary to take large samples. A piece of paper, however, must 
be put on the bottom and also among the pieces of plant to prevent a high conden- 
sation of evaporation inside the container; every container must be wide enough at 
the top, being covered with nylon texture and tied with rubber in a similar way as 
mentioned for the vuls. 

Each sample has a sample-number corresponding to the records noted in a note- 
book. This number is written with an ordinary pencil on a piece of paper and put 
into the vial. Simultaneously, a certain number of aphids (mature specimens namely) 
are put into alcohol, w ith the corresponding number of sample, for better identifica- 
tion later. If necessary, ihc plant is taken for the herbarium for later identification as 




Fig. i. Field equipment for collecting and rearing of samples. A - scissors, B - note- 
book, C ~ pencils, D - pincettes, E - metallic boxes with vials, F - box with alcohol 
containing vials, G - plastic bottles. 


well. In case of the presence of ants, a certain number of specimens are put into 
alcohol in another vial (Fig. I, 2, 3). 

If a whole natural enemy complex is to be dealt with, never leave the predatory 
larvae and adults of various insects in the same sample with the parasitized aphids, as 
the predators continue to feed on the aphids and also destroy the emerged aphidiid 
adults, either by feeding on them or by a mechanical way. 

- sweeping. Many aphidiid specimens may easily be taken by sweeping in various 
localities. The sweeping method has its application mainly if we want to get records 
on a parasite presence in a certain plant stratum. 

- other methods. Parasites attacking aphids living on mosses (peat bogs, etc.) may 
be obtained by putting mossy material into the Tullgren apparatus. Similarly, some 
parasites are obtained by sifting ant-nest material collected in winter, transferring 
it to the laboratory and placing it m a Tullgren apparatus. 
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Fjg. 2 . Field equipment For collecting and rearing of samples. Metallic and plastic 
boxes with vials. 


rearing. Both vials prepared For use and vials with samples are placed in standardized 
metallic or plastic boxes, about 50 vials in each. The boxes protect the vials against 
mechanical injury during the trip, and to intensify the protective function we can 
recommend the placing of a layer of cotton-wool on the bottom of the box. It is 
recommended to leave the boxes open during a longer stay on a field trip (at night) 
to enable a better drying-up of plant portions and to prevent the development of 
fungi. Similarly, they should be deposited in the shade during the day when possible. 
The plant in the vial is a sufficient food supply for the aphids for 1-2 days, a period 
long enough for matunng the higher insrar parasite larvae. Similarly, the moisture 
in a vial due to the presence of pieces of plants is sufficient to prevent the drying of 
parasite cocoons especially at the initial periods of their occurrence. 

Samples are left in vials for at least 14 days, to allow the parasites and hyperparasites 
to emerge. (Fig. 3, 4). 

selection. After being reared in the laboratory, the samples in vials contain a 
mixture of dry plant material, mummified aphids, dry remains of dead aphids, and 
parasite and hyperparasite adults, or other natural enemies of aphids. Such material 
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Fig. 3 . Above - vials containing samples to rear the parasites. Below - smaller vials 
containing selected reared material of parasites and aphid mummies. 


naturally needs a selection before being of further use. First, the nylon texture and 
rubber are removed from the top of the vial, the piece of plant is carefully taken out 
by a pincette and the remains of dead aphids, adult parasites, etc, are dropped out 
onto a piece of white paper. Further, preliminary selection of material into aphidiid 
parasites, secondary parasites and other natural enemies follows, ever)' small vial 
with the material being provided with the corresponding number of the sample. In 
another vial, associated with the adult aphidiid parasites vial, the remams of plant 
material with empty aphid mummies are placed , the latter is important for eventual 
further identification of parasitized aphids in case no living aphids were obtainable 
or in case that two or more aphid species were present in the sample, to decide which 
aphid is the true host of the parasite or parasites; further, the coloration of mummi- 
fied aphids may be useful for parasite identification as well; quiescent and non- 
quiescent cocoons may be recognized; host mstar killed by the parasite larva may be 
established to derivate the host mstar preference by the parasite 9. 

preserving. Both in the field and in the laboratory the best way of preserving 
the unmounted material is to keep it in small glass or plastic vials, closed by a piece 
of cotton-wool. In case of laboratory selection the adult parasites may be left freely 
on the bottom as we can avoid mechanical injury in the laboratory. Another situation 




Fig. 4. Bottles for rearing of samples in the laboratory. 


exists in the field, where the adult parasites must be carefully put between two 
pieces of cotton-wool to prevent the movements of material during transport and 
the whole box must be supplied with a layer of cotton-wool to prevent the material 
from as many injuries as possible. 

mounting. The best method is to glue the parasite adult to a white standardized 
label 7x15 mm by the right side of the thorax, the wings of the specimen are made 
upwards, the abdomen bent down, as the identification characters on propodcum 
and first abdominal tergue muit be recognizable. The specimen is placed in the 
upper fourth of the label, in such a manner so as not to leave the antennae and wings 
reaclung over the margins of the label, on the lower margin the sign of sex and the 
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number of antennal segments arc written. Ten specimens of each sample arc said to 
be sufficient for an identification and collection supply, while a larger quantity is 
mounted additionally in cases of necessity (variability, etc.). The vial with plant 
remainders and aphid mummies is left with the series of specimens. 

Examination of ? external genitalia is necessary in the majority of eases. It is 
necessary to make microscopic slides, the following method being recommended : 
(i) In a dried specimen, the apical part of the abdomen is carefully removed ; (2) The 
specimen is given the same number as the slide; (3) The removed part of the abdomen 
is boiled in 10% KOH solution for several minutes, as the thickness of the object 
requires; (4) The object is washed in dcstillcd water; (5) Then it is mounted as a 
slide, using DeSwann or DeFaure mounting medium; (6) The records identical 
with those of the mounted specimens arc put on labels placed on the microscopic 
slide. 

identification. Aphidiids arc relatively small insects and the characters on the 
adult body must be examined when identifying the species. For this reason, a good 
binocular microscope is necessary. In addition, characters on the female genitalia and 
often on other parts of the body must be examined when mounted as slides, a mi- 
croscope of approximately 150OX magnification (maximally) being at hand as well. 

The aphidiid wasps arc a group of parasitic Hymenoptera for which a certain 
training and routine in examination is necessary. We can recommend for a worker, 
who starts the work in the research of aphidiid wasps and is not experienced in the 
taxonomy of other groups, to begin with the identification of the material to a 
generic level, identification to species level being dealt with after somewhat more 
comprehensive material of separate genera is at hand to understand the classifica- 
tion mentioned in the keys. In every ease it is recommended to begin the identifi- 
cation with a series of reared material, while swept material is much more difficult. 
Basing the initial identification on the comparison with material which was identified 
by a specialist can be of some help. 

- SYNOPSIS of diagnostic characters. Only a general brief review of diagnostic 
characters is mentioned below to suggest general information to the reader. 

Head. — Shape transverse or square, strongly or arcuately narrowed behind eyes. 
Dimensions on the head; width of head in comparison with thorax, interocular line, 
facial line, transfacial line, clypeoantennal line, tentono-ocular lme, intertentonal 
line, socket-ocular line. Eyes are of various size and prominence, oval to nearly 
hemispherical, convergent to the clypeus. Clypeus is transverse, bearuig long and 
more or less dense hairs. Antennae are filiform, rarely momhform, number of 
segments is variable, being mostly different in and $?; usually the relation of 
F, to F 2 as to length is important ; presence or absence of rhinana on the segments is 
sometimes a useful character being generally variable ; apical and praeapical segments 
may be fused. 

Thorax — -Thededivity of mesoscutumtoprothorax is sometimes a good character. 
The pubescence of the lobes of the mesoscutum is different — cither there are rows of 
hairs along the mostly effaced notaulices and margins, or hairless spots on the discs 
of lateral lobes. The notaulices are of various length and depth, sometimes entirely 
effaced, usually being visible in the ascendent part of mesoscutum, rugose or crenu- 
late and wide and effaced on the disc, rarely reaching the praescutellar groove. 

Wings. — Shape, length and width of pterostigma. Length of metacarpus. Length 
of various veins, relations between veins, etc. 

Legs. — Legs are usually homogeneous, slender and long, rarely strong and short. 

Abdomen. — It may be lanceolate or rounded. Tergite 1 may be square, or longer 
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LfllphLitraa ItlUaatpa* (CratB.) 


I 6 l*6J (Slarf) 



Fig. 5 . Sample, parasite-host and host-parasite, filing cards for cataloguing records. 


than wide, its sculpture is various: smooth, rugose, rugosc-punctuate, bearing carinae, 
etc.: spiracular tubercles may or may not be predominant, sometimes secondary 
tubercles may be recognized (not bearing spiracles) in the portion between spiracular 
tubercles and apex: the relative dimensions between width, length, and tubercles 
arc important characters. External genitalia of 9: Shape, pubescence of ovipositor 
sheath, to a lesser degree also the shape of prongs of second valvutac, etc.; ovipositor 
sheath is of various shape: triangular and trtfid at extremity, or prolongately arcuate 
and obtuse at the apex, or curved downwards and narrow or plough-share shaped; 
or curved downwards and widened at apex, etc. 

Coloration represents sometimes valuable character, sometimes it is variable with 
respect to area and season. Mostly, females ate lighter than males. 








Fig. 6. Collection of aphid parasites. 

records and COLLECTION. Principally, there are two main parts of the work, i.e. 
(A) catalogue of samples, and (D) collection, which arc organized m a close mutual 
dependence. 

- CATALOGUES. Three kinds of catalogues at least arc necessary, to have the records 
ready at hand. Filing cards of 12.5 x 7 cm are used (Fig. 5). 

- Catalogue of samples. In the field, all the records of samples arc put under given 
numbers in a note-book, corresponding numbers being also given to the plants, 
rcarings and aphid miterial in alcohol. In the laboratory, after returning from the 
field, all these records are transferred to the filing cards and organized in accordance 
with their numbers in the catalogue of samples. In this catalogue, too, the results of 
aphid and plant identification are later filled in as well. 

- Parasite — host and Host — parasite catalogues. Both these catalogues are filled simul- 
taneously, being dependent on each other. After all the identification records, i.e. 
plant, aphid and parasite are known, the filing cards are typed m a corresponding 
manner. (Fig. 5). Moreover, when dealing also with hyperparasites, we can complete 
the records m a similar way with respect to separate groups of hyperparasites. 

- COLLECTION. The material in collection has to be divided into several groups: 

- Mounted unlabelled material. The selected material of reared primary' parasites is 
mounted and corresponding numbers of samples are put under the first specimen. 

- Mounted labelled material. Gradually, the mounted specimens are labelled, the 
labels including all the data (except perhaps the notes) which are on sample-cards, i.e. 
locality, habitat, aphid host plant, aphid, and sample-number. 

- The collection. Because of easy orientation, the collection has to be organized 
alphabetically. In each genus, the separate species are organized with respect to the 
host, thus enabling a further study of separate biological races, etc. 

As usually we find a certain number of species which we are unable to identify' for 
the time being, it is useful to put them in separate boxes under different genera, 
under the label “spp.”. 



Fig. 7. Photographing tn the field. SM-XX binocular microscope withMF-cquipmcnt. 


As to the boxes in which the material is preserved, we have found most useful the 
boxes commonly used in Europe, of the dimension 23 x 30.5 cm, made partly from 
wood and carton paper, dry peat (1 an) layer mounted under white paper being 
used as a substrate in which the pins arc stuck. The boxes arc comparatively small, 
well and easily transportable and organizablc (Fig. 6). 

PHOTOGRAPHING. Photographs of separate habitats, various aphid colonics, aphid 
mummies, etc. arc rather useful for ecological studies. They also may be rather help- 
ful as information suggested by a local worker to a foreign specialist who needs more 
detailed information. (Fig. 7). 

RrrutENCES. 696,997, 1019, 1069, 1117, 112s 
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CHAPTER III 


Morphology and Anatomy 


egg. The egg of the aphidiids (Figs. 72, 73, 92, 95) is of microscopical dimensions. 
For example, the egg of Ephedras plagiator is 0.0S0 — 0.100 mm in length and 0.016 - 
0.24 mm in width, that of Lysipldelm faharum 0.086 mm and 0.036 mm, respectively 
(ivanova-kaZAS, 1961). The superficial membrane of an egg forms the chorion, 
which docs not show any structure. The shape and size of aphidiid eggs is specific. 
The ovarian eggs may be lemon-shaped, spindle-shaped, prolongated, etc. 

LARVA. The first instar larva (see: figures of larvae. Figs. 77-93. 98, 194. 213, 219, 
etc.) is rather typical in all the genera andspecics. Adistinct head with large and prom- 
inent mandibles can be recognized, besides the 13 body segments. The mandibles 
are unidentatc. The body segments are often covered with rows of spines or bristles. 
The last body segment bears a caudal appendage or even additional prongs. In most 
aphidiids, the caudal appendage is simple and covered with small spines or bristles. 
In the genera Ephedrus and Praon there are two perpendicular additional prongs besides 
the caudal appendage. In the genus Lipolexis the caudal appendage is rather long 
and there are two shorter oblique additional prongs. 

The second instar larva is mandibulate, with the mandibles similar to the first 
instar larva. The segmentation of head and body is less apparent. There are only rare 
spines or bristles on the body segments, the caudal appendage is distinctly shorter 
and the additional prongs are missing. 

The third instar larva is emandibulate. There are no spines or bristles on its body, 
the caudal appendage is practically lacking. 

The fourth instar larva is mandibulate. The mouthparts arc well differentiated 
(Fig. 84). The antennae may also be well distinguished. The cuticle is covered with 
minute tubercles. The spiracles are well distinguishable, being m function, the tracheal 
system is also distinct. Through the larval skin, we can easily differentiate the internal 
organs. The silk glands can be well distinguished as well as their opening below the 
oral cavity. The alimentary tract is complete and terminates by the anus Cerebral 
ganglia and also the nerve cord are well visible. Numerous whitish corpuscles, the 
fat bodies, are rather typical. The morphological features of the last instar larva 
exhibit generic differences (shape and structure of spiracles, etc.). 

There are several opinions on the number of larval mstars and consequently on 
their morphology and anatomy m the aphidiids. We have followed tremblay ( 1964 ) 
who gives also a brief discussion on the whole problem. Possibly the number of 
larval instars varies in dependence on food, etc. 

prepupa. The prepupa closely resembles the last instar larva but it is shorter, the 
differentiation between the segments and lateral folds is more distinct and further 
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Fig. 8-26. 8. Lysiphlcbus fabarum, head, frontal view. 9. Head, from behind, jo. Attach- 
ment of the antenna. 1 1 , 12. Labrum and allied portions. J 3 . Flagellar segment 1 and 2. 
14. Antenna. 15. Antenna, o- 16. Mandible, ventral view. 17. Mandible, dorsal view. 
18. Flagellar segment 1 and z,<J. >9- Pedicel. 20. MaxiUo-labtal complex, frontal view. 
21, Maxillo-bbul complex, ventral view. 22. last flagellar segment. 23, 24. Apex of 
antenna, 2 . 25, 2 6. Last flagellar segment, <?. (all figures redrawn from txemblay 



Abbreviations (figs. 8-76) : A A - anal aperture, A AM - anterior marginal apophyses of 
urite IX, AC - apodema ccrvicalts, ACO - copulation aperture, AD - apodeme of 
adductor muscle, AF-apodema furcalis.ANP- processus alarisanterioris of mesonotum, 
ANT - antcmia, AP - apodema inetaplcuralis, APF - apodenia plcurofurcalis, AR - 
arolium, AS - arms, ATP - anterior tentorial pit, AX - axilla, BA - basalare, Bb - 
basal bulb, Bs - basistemum, C - articulation of valvifcr 1, CCX - coxal condyle, 
CD - cardo, CM - condylus mandibularis, CO - carina occipitalis, CS - cervical 
sclerite, CX - coxa, D - articulation of first valvifcr, DU - ductus of poison gland, 
E - epipharynx, F - fosetta plcuralis, FE - femur, FR - frons, FS - transscutal fissure, 
FU — furcula, G — sclcrite-ligamcntum, GA — galea, GAC — acid gland, GC — alcaline 
gland, GE-gcna,GL-glossa,GS -lamina parameralis, GSP-glandula spermatica, HS- 
hypostomal suture, I - mtcstimim, IGG - cpistomal sulcus (clypeoantcnnal inflections), 
IT - transverse maxillary thickening, LE - ligamemum, LG - ligula, LP - labial palp, 
MP - maxillary palp, MPF - mesophragma, MSF - mcsofurca, MSC - mcsoscutum, 
MSCL — mcsoscutcllum, MSEP - inesepimcron, MSEPS - mesepisternum, MSF - 
mcsofurca, MST — mcsostcmuni, MT — metanotum, MTF — inetafurca, MTP — 
metapleura, O - ovum (egg), OB - orbicula or manubrium, OBP - oblong plate, 
OCC - occiput, OD - oviductus communis, P - plcurostoma, PA - processus alaris 
mesoplcuralis, PE - proepistemum, PEM - procpimcrac, PEN - penis, PF - prae- 
fragma, PGA — postgem, PLG — paraligula, PM — humerale, PMX — palpus maxillaris, 
PN - mesopostnotum, PNP - processus alans postcrions, PP - propodeum, PS - 
parasmtellum, PSC — processus scutcllaris, PS 1 - internal sclcrites of glossa, PT, 2 , - 
ptcralia, PTEN - pons tentorialis, QD - quadrate plate, R - cavity for the cranial 
articulation of the mandible, R, t2 - rami of valvulae t and 2 , S, 2>J . - stemite, SA - 
subal.irc, SB - venom reservoir, SC - cervical sclerite, SCA - scapus, SCS - aperture of 
silk gland, SE - scnsilli, SM - outer sheath, SN - sulcus notahs, SP - spiracle, SPR - 
spur, SPC - spermatheca, SPS - notauliccs (sutura pracscutahs), SSS - scuto-scutcllar 
suture, ST - sutura transseutalis, STS - stipes, Ti-10 - tergite i-io,TA- tarsus, TES - 
testes, TG - tegula, TI - tibia, TR - trochanter, UN - unguis, UT - unguiretractor, 
V,,2,\ “ valvula 1, 2, 3, VF , 2 - valvifcr, VS - vesicula seminalis. 


bends become recognizable on the body. Extensive changes in internal organs due to 
the process of histolysis of the larval organs and development of adult organs occur 
during this state. 

pupa . The pupa (Figs. 87, 88) is of exarate type. The legs and wings are folded to 
the body. The folded, wings are very small and inconspicuous in the young pupa, 
while in an older one they cover most of the lateral sides of thorax, abdomen and 
legs. The young pupa is at first yellowish to yellowish white and the coloration 
becomes gradually darker as the pupa grows older; the compound eyes become 
pigmented first. The antennae are laid along the ventral side of the body. The inter- 
na! organs of the pupa arc practically identical with those of the adult. 

adult. The aphidiids arc relatively a rather uniform group of parasitic Hymenop- 
tera and tills feature seems to be due to their full adaptation to parasitism on a single 
group of hosts, the aphids. 

Thehead(Figs8-29,3i)is orthognathous, transverse to subquadrate, bearing eyes, 
three ocelli and the appendices.Thefacc, which forms about the frontal part ofthehead, 
is mostly smooth, with more or less dense hairs. Its lower part is formed by the 
clypeus which covers the greatest part of the labrum. The clypcus is more or less 
convex, usually oval, mostly smooth, bearing several shorter or longer hairs, it is 
separated from the face by an arcuate furrow. On the sides of the clypeus are the 
tentorial pits, which indicate the joining of a part of the head endoskelet. The top of 





the head forms the vertex, separated from the occiput by the occipital carina: it is 
declivous to the foramen occipitale. The portion of the head behind the ejes and 
beneaththemn called the pern, whose upper portion between the hind margin and 
occipital carin3 is called the temple. The width of the gena depends on the size of the 
eyes and tentorial pits. 

The appendices of the head form the mouthparts and the antennae. The mouth- 
parts consist of the labrum, the mandibles, and the labio-maxillar complex. The 
mandibles arc bidemate, more or less prominent, with sparse hairs on the external 
portion. The maxillae and the labium arc united by membranes and form the 
labio-maxillary complex. Each maxilla consists of the cardo, which is connected 
with a process of the hypostoma. To us distal portion the stipe is joined, which 
bears the palpus maxillaris on its apex. The maxillary palp is mostly 4-segmcnted, 
sometimes it consists of 3 or 1 segment or it is absent; the number of segments is 
different in various genera (see: tAStor On its external side, the cardo beats 

tsvo lobes, the galea and the larinia. The labium consists of the submentum, the 
mentum and the prementum. On the external distal apex of the prememum the 
labial palp is joined. The labial palpi arc always shorter, mostly 3 -segmented, some- 
times 1 or 2-5cgmcntcd or they arc lacking completely (see: tASTOp). The chaetotaxy 
of the mouthparts seems to be characteristic for most of the aphidiid genera. 

The antennae arc mostly filiform, less frequently submonihform to monshform, 
with a varying number of segments (to - 30). The basal bulb of the antenna is fixed 
inside the antennal socket by a membrane and muscles. The first antennal segment is 
called the scape, the second the pedicel and the rest of the antenna is called the 
flagellum. The antennae are more or less pubescent, bearing various numbers of the 
rhinaria. Most of the segments of the flagellum arc equal, less frequently the middle 
segments differ in size and shape; the apicat segment is always different, sometimes 
it is fused with the praeapical segment. The number of antennal segments is mostly 
different in 33 and 9 Q, being higher in the 33 '. only in the genus Ephedras both sexes 
have the same number of segments. 

The cndoskelet of the head forms the tentorium, which represents a recourse for 
muscles, alimentary canal, etc.; it is composed of the rami. 

The head is connected with the thorax by the cervix, formed by the cervical mem- 
brane, which joins the cervical scleritcs that arc connected with the proepistemum. 

The second part of the body, the thorax, consists of the three main parts, the 
prothorax, the mesothorax and the metathorax. The propodcum is joined to the 
thorax, which is originally the first segment of the abdomen (Figs. 30, 32-35). The 
tKori-s. bears she appendices, the legs and the wings. 

The prothorax consists of the pronotum, which is connected with the mesonotum 
at the upper side; the proplcurac are relatively weakly joined at its lower sides. The 
prothorax is mostly smooth, the proplcurac bear several hairs and they may be 
slightly sculptured, especially along the cannac. The cndoskelet of the prothorax is 
formed by the cristac and the apodemes. The prothorax bears a pair of fore legs. 

The dorsal part of the mesothorax is the mesonotum, which is subdivided into two 
mam sciences; the mcsoscutum and the (mcso)scutellum. The mesoscutum can be 
declivous to the head oc it can be strongly raised above the prothorax to almost 
gibbous. It is usually smooth, with slight rugosities near ns margins. The pubescence 
of the mcsoscutum u variable, other completely densely pubescent or only several 
hairs arc present. The mcsoscutum often bears two furrows, the notaultces. These 
furrows are distinct at the base only, or they may be distinct as far as the praescutellar 
groove and thus dividing the mesoscutum into three lobes, or they may be missing 
completely. The sculpture of the notaultces is variable, they usually arc more or 



Fig. 27-37. 27, 28, 29. Lysiphlcbus fabantm, head, endoskelet. 30. Thorax, lateral view, 
31. Head from below, partial section to show the endoskeletal parts. 32. Pronotum. 
lateral view. 33. Pronotum, ventral view. 34. Thorax, dorsal view. 35. Mesonotum, 
dorsal view. 36. Mesonotum, ventral view. 37. Thorax, ventral view, interior portions, 
(all figures redrawn from tremblay , 1966). 



less crenulate, rugose or almost smooth. The mcsoscutum is separated from the 
following sclcrite, the (mesojscutcllum, by the pracscutcllar groove that is of various 
depths and widths. The scutcllum is generally triangular, smooth, more or less 
convex: its margins arc often crenulate. On the sides of the scutcllum, there are 
nearly smooth lateral discs of the parascutelluin and of the axillae. The mcsoplcurae 
have their lateral sutures usually crenulate, they arc rarely slightly sculptured in the 
upper portion below the wing or they arc weakly granulated. The endoskclct of the 
mesothorax forms the mesopostphragma, the apodemes, cristae and the niesofurca. 
The mesothorax bears a pair of fore wings and a pair of middle legs. 

In the apical part of the metathorax there is a more or less visible tubercle, the 
postscutcllum, on whose sides there arc flat and usually smooth to slightly sculptured 
impressions. The mctaplcura and the mcsopleura arc closely connected with the 
propodcum. The cndoskclet of the metathorax consists of the apodemes, the cristae 
and the mctafurca. The metathorax bears a pair of hind wings and a pair of hind 
legs. 

The last part of the thorax is the propodcum. It is convex and declivous to the 
joint-point of the abdomen. It can be almost smooth or it may have various sculp- 
ture, being covered with sparse hairs to densely pubescent; various carinac divide 
the propodcum into the areolae of various sizes and shapes. 

The wings (Fig. 107). There arc two pairs of wings developed in the apluditds; 
there is one exception only in the whole family, Diaerelellus ephippium, whose 9 is 
wingless. The venation of wings exhibits several types of reductions when compared 
with the most complete type ( Ephedms ) which is described below. In the fore wing, 
the fore margin represents the strongly sclcrotized fused costal and subcostal vein 
(and probably the radial vcm too), which dilates at the apex and this dilation 
is called prostigma. The pcerostigma is triangular; its prolongation, the mctacarp, 
reaches the wing apex. From the lower side of the ptcrostigma the radial vein 
extends, composed of three abscissae and reaches the wing apex where it joins the 
metacarp and thus completes the ptcrostigmal cell. Under the fused costal and sub- 
costal vein there is the basal cell, bordered on the external side by the basal vein and 
on the lower side by the cubital vein, reaching the wing apex. Between the radial 
and cubital veins lies the median vein, originating in the basal vein and pointing to the 
wing apex. It consists of three abscissae. On the upper side of this vein there are the radi- 
al cells, separated from each other by two intcrradial veins. On the lower side, there is 
the median cell, separated on the external side by the intermedian vein. Under the 
cubital vein there arc two cubital cells, separated from each other by a transverse 
vein, the nervulus, and by the anal vein on the lower side. Hind wi ng; on she upper 
margin there is a short Fused costal and subcostal vein that deviates after a certain 
distance from the wing margin and prolongates as the subcostal vein. The radial 
vein is almost undeveloped and it is as distinct as a small point only on the lower 
side. Under the costal Vein and the subcostal vein there is the cubital vein which 
restricts the basal cell with the above mentioned veins, which is closed on the exter- 
nal side by the basal vein. Under the cubital vein is the remainder of the anal vein 
visible at the fore part. There arc many types of reduction of venation and they 
may be recognized from the key to the genera and subgcncra (sec: chapter V.). The 
wings are mostly hyaline, rarely they are smoky or bear dark sports. The surface of 
the wings is covered by short and dense hairs, the lower margin of wings may be 
covered with short or long hairs. ‘ 

The wings (Figs. 50, 52, 54. Jj) articulate with the thorax by two proccssi of the 
notum of the given segment (mesothorax and metathorax), with the fore and hind 
notal proccssi. In the lower part, the wing articulates with the pleural process. The 



Fig. 38-43. 38. Lysiphlebus fabarum, stemo-pleural region, ventral view. 39. Endoskelet 
of prothorax. 40. Stemo-pleural region. 41. Endoskelet of mesothorax. 42. Mesonotum, 
lateral view. 43. Endoskelet of mctathorax. (all figures redrawn from Tremblay, 1966). 

lower part of the wing membrane lias the appearance of a ligament and is called the 
axillary cord. Around the wing base the following sdentes are situated, the pteraha : 
tegula, humeral plate, four axillary plates (acropteral, proptend, mesopteral, mera- 
pteral). The acropteral plate articulates with the base of the costal and subcostal 
veins, the propteral plate with the base of the cubital vein and by the intermediary 
sclerite also with the base of the anal vein. The lower part of the anal vein articulates 
with the mesopteral plate. 



Wingless ness is rather rare among the aphidiids. Only a single case of wing modifi- 
cation is known and it is a ease of a secondary modification, that is obtained during 
life. It is known in Paralysis ctiervis: as the 99 of the parasite attack underground 
aphid sat tended by ants and just the ants nibble parts of the parasites, wings and keep 
them as symphils. 

The legs (Figs. 4J-49, ji, 53) arc mostly slender and relatively long. A leg consists 
of the coxa, the bisegmented trochanter, the femur, the tibia, the tarsus and the 
practarsus. The tibia bears two spurs at its apex. The praetarsus bears two simple 
claws, between which there is a small arolium. The first pair of legs bears a cleaning 
apparatus of tibio-tarsal type. 

The abdomen (Figs. 56-76, 99-105) is either rounded or lanceolate. The shape of 
the abdomen may be also of a sexual dimorphic character and then it is lanceolate in 
99 and rounded in <J 5 . The first abdominal segment which may be seen in the ab- 
domen is in reality the second segment, as the first abdominal segment is the propo- 
dcuin. Nevertheless, for simplicity, we keep the first segment recognizable in the 
abdomen for the first abdominal segment. Namely the first tergite is of a rather 
different shape and size in separate genera and species: it is longer than wide or 
square, more or less convex, almost smooth to coarsely rugose, with sparse hairs to 
densely pubescent. The spiracles arc on its sides, placed on more or less prominent 
spiracular tubercles. These spiracular tubercles arc in some genera called the primary 
tubercles as secondary tubercles not bearing spiracles can be developed in addition. 
In separate segments of the abdomen, the tergite and the stemitc, connected by a 
membrane, may be distinguished. Both tergites and stemites arc comparatively 
weakly sclerotized. Six pairs of spiracles may be found in the abdomen. All the 
abdominal segments arc freely connected with each other except segments 2 and 3 
which arc fused, but the fusion is flexible. The genital segments of the abdomen bear 
the external genitalia. 

External genitalia of the female. The ovipositor consists of the appendices of the 
primary eighth and ninth abdominal segments. Its apex may be simple, or 
somewhat dilated, or bear several smaller teeth. The base of the ovipositor is 
formed by the first and second pair of the valvulac, which arc gonapophjses of 
bases of primary extremities of segments 8 and 9. The ramus of valvula 1 con- 
nects with valvifcr 1 which is the base ofurit 8. The ramus of valvula 2 is attached to 
valvifer 2, which is probably the coxit of the primary urit 9. The first valvifcr, al- 
though it belongs to urit 8, is connected with abdominal tergum 9 ; the second val- 
vifcr articulates with the first one. With the distal end of every other valvifcr the 
valvula is connected (gonostyhn). A pair of vahvbc 3 represents the sheaths of 
valvulae I and 2. The valvulac 3 arc commonly called ovipositor sheaths. They arc 
sparsely or densely pubescent, but always bear several sensory hairs at their apex. The 
size and shape of the ovipositor sheaths is rather different in separate genera and 
species , they can be almost straight to upwards or downwards curved, pointed or 
obtuse at the apex, narrowed, ploughshare-shaped, etc. 

External genitalia of the male. They arc formed by the gonopods of the primary 
segment 9 and by the perns. The greatest sclcrites of these organs are the gonocoxites. 
On their lateral-apical margin the gonobasc is attached, which is probably formed by 
the fused basal parts of the primary gonocoxopodits. On the internal ventral side 
of each gonocoxit a sclerite, the volsella, is attached. The external prong of this 
volsclla is called the cuspis, and the internal one is the digitus. To the distal end of 
each gonocoxit the gonostylus is attached. All these parts form the gonoforceps. The 
penis is protected by the sheaths, the penis valvae, which arc primarily the basal 
processes of gonocoxopodits which have separated themselves during evolution. 


20 



Fig. 44-55. 44. Lysiphlebus fab a runt, meso- and metastemum, ventral view. 45. Part of 
fore leg to show tibio-tarsal cleaning mechanism. 46. Arolium, dorsal view. 47. Fore 
leg. 48. Hind leg. 49. Middle leg. 50. Articulation of fore wing, dorsal view. 51. 
Arolium, lateral view. 52, Hind wing, detail of setae. 53. Arolium, ventral view. 
54. Articulation of hind wings. 55. Articulation of fore wing, ventral view, (all figures 
redrawn from Tremblay, 1966). 




fig- J6-67- 56. LyttpMtbuf fabarum, abdotnen.<J. 57. Abdomen of $, dorsal view. 58. 
Ditto, ventral view. 59. Abdomen ofd. apical portion. 60. Tergitc x. 61. Abdomen of 
5, lateral view. 62. Apex of ovipositor. 63. ScmDlct at apex of ovipositor sheaths. 64- 
? genitalia, lij. 5 genitalia. M. ? genitalia (after s*»odcbass). 67. $ genitalia, interior view, 
(all figures redrawn from tsimblay, 1966). 
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Fig. 77-86. 77. Lysiphlebus fabarum, last instar larva, head. 78. First instar larva. 79. 
Last instar larva, head, lateral view. 80. Prepupa. head. 81. Pupa, head. 82. First instar 
larva, apical part. 83. Second instar larva, apical part. (77-83 after tsueublay , 1964). 
84. Trioxys comptanatus, last instar larva, head (sciiunceh & hall , 1961). 85. Aphidius 
at’tnae, hind end of last instar larva showing posterior part of stomach and rectum 
( maccill , 1923). 86. Ditto, anterior end oflast instar larva showing mouth and opening 
of silk glands ( maccill , 1923). 
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Modifications of the abdomen. A special modification of the abdomen may be 
found in the 9 of Protaphuftus u'issmmmii, whose tergites t, a and 3 arc normal, only 
tergite 3 is strongly narrowed to the apex. Beginning with tergite 4 the following 
tergites of the abdomen arc tubifornt and thus form a kind of sham-ovipositor. The 
external genitalia arc situated as usual. 

In some highly specialized genera various accessory apparatus, enabling a better 
attack of the aphid, arc developed. In general, two kinds of apparatus of this kind 
can be recognized : in Trioxys two prongs arc developed in the last abdominal stemite. 
In Acanthecaudtis a similar system is developed, but the ventral prongs bear several 
smaller prongs at their basal portion. In flitnys there is only a single ventral prong. 
In Meuphidius the apparatus is of a different kind. It is formed by the tubiform prong 
at the base of tergite 6. 

Coloration. Black, brown, orange and yellow and their combinations are the 
commonest colours in the adults. Within the frame of a species, the coloration varies, 
first in dependence on the part of distribution area, sv here the more obscure forms 
are found in northern areas and the lighter coloured forms in the southern areas. 
Secondly, the coloration varies also depending on the season in a given place, 
the more obscure colours prevailing in spring and autumn (colder periods of the 
year), while lighter colours are typical of the hot summer period. Further, the colora- 
tion is influenced by the host size which determines the size of the parasite. 

Size. The size of the adult body within the frame of a species is widely dependent 
on the size of the host, which is rather variable in widely specialized species. 

Internal anatomy. With the exception of perhaps the reproductive organs, the 
internal anatomy of the aphidiids docs not seem to differ significantly from the 
other parasitic Hymcnoptcra. As to the alimentary system, the external mouthparts 
have their role in distinguishing, accepting and transporting food to the internal 
parts of the tract. The oesophagus is long and narrow, it rum from the mouth through 
the head and down to the abdomen, where it is enlarged and forms a large and thin- 
walled crop (ingluvies). The latter is followed by a small gizzard, which is thick- 
walled. The gizzard passes into the mesenteron, which is large, with secretory’ cells 
in its walls. The Malpighian tubes lead into the mesenteron at the junction of the 
mesenteron with the proctodeum. The rectal portion of the alimentary tract is 
slightly enlarged and this part, which is called the rectal glands, is more glandular 
than the other parts of the rectum. The rectum is terminated by the anus, which 
opens at the dorsal posterior end of the body, above the opening of the reproductive 
system. The circulatory’ system exhibits the general features known to occur in the 
other Hymenoptera and the same can be said about the respiratory’ system. As to the 
nervous system, there are the cerebral ganglia and the suboesophageal ganglia in the 
head, which are united by r the arcumoesophagcal connectives. This mass, which is 
commonly called the brain, is continuous with the ventral nerve cord. This cord is 
formed by the three thoracal ganglia, of which the second and third are almost 
fused, and further by the five abdominal ganglia, of which the last one is the largest. 
As to the locomotory’ system, the most powerful musculature is in the thorax. 

Reproductive system (Kgs. 68-73, 76, 97-105). The first part of the female re- 
productive system are the ovaries. As far as is known, it seems that there are two 
different groups recognizable: in the first group, represented by the genera Ephedras 
and Pracm, the ovaries are divided into 2 long ovarioles which reach, being folded, 
as far the base of the abdomen. The second group, which includes the genera 
Aphiditis, DiaerctieHa, LysiphJebns and Trioxys, the ovaries are more or less drop- 
formed. Fully develop eggs occur in the posterior region of the ovaries while eggs 
in various developmental stages, surrounded by a follicle of nutritive cells, may be 




Fig. 87-98. 87. Aphidius avenae, pupa (macgiu., 1923). 88. Ditto, a section through 
pupa (macgiu, 1923). 89. Ltpulexis gracilis, imtar l larva. 90, Monactonus angustivalvus, 
instar I larva. 91. Prison exoletum , jnstar I larva (sen linger x hail, i960). 92. Tnoxys 
complanatuS, ovarian egg (schuncer & hall, 1 961). 93. Ditto, instar I larva (schuncer a 
hall, 1961). 94. Praon exoletum, ovarian egg (schuncer a hail, 1961). 95. Diaeretiella 
lapae, egg (uuystt, 1938)- 96. Aphtdm avenae, mstar I larva hatching from egg 
(macgill,I923). 97. Diaeretiella rapae, mstar I larva, head showing mouth parts (oilyeit, 
1938). 98. Ditto, imtar I larva (uilyett, 1938). 
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Fig. 99-105. 99. Praon exo 1 etum,Q genitalia, accessory glands and spermatheca (schlincer 
4 HAli, i960). 100. Ditto, $ genitalia (schunger 4 hall, i960). 101. Diaerctiella rapae, 
? genitalia, longitudinal section (broussal, 1966). 102. Praon cxoletum, $ genitalia, detail 
of ovipositor (schunger 4 hall, i960). 103. Diaereliella rapae, 9 genitalia (sedlag, 1957). 
104. Ditto, § genitalia, cross section through accessory gland (sedlag, 1957). 105. 
Trioxys complanahis, $ genitalia (schunger 4 hall, 1961). 



found in the anterior region. The ovaries arc continuous with the oviducts, which 
then unite into the common duct, oviductus communis. In the common duct, 
there arc several openings: there the strongly sclerotizcd spermathcca opens whose 
duct is common for this and for two accessory glands. Further, there is the opening 
of the alcalinc gland and, finally, an opening of a small poison or acid gland, which 
is a common duct of the poison gland and the poison reservoir. We should like to 
mention that there are various opinions as to the nomenclature and function of some 
parts of the accessory parts of the female reproductive system, on the poison gland 
namely (compare the figures). — The male genitalia consist of a pair of testes and 
a pair of Luge vesiculac scminales, which arc connected each by a vas deferens. The 
testes are usually small, while the seminal vesicles arc large. 

references. 21 , 66 , 79 , 153 , *55. *58, 159, 211 , 309 , 314 , 438 , 439 , 460 , 478 , 497 , 
586, 591 , 619, 679, 681, 684, 686, 696, 729, 730, 731, 734, 760, 762, 873, 9lj, 930, 
937, 1003, lOOj, 1018, 1020, X046, 1062, 1069, 1095, 1096, 1x07, XIII, I I2t, 1125, 
1127, 1158, 1189, 1214, 1223, 1231, 1237, X238, 1239, 1247. 1284, 1295, 129 9. 1305- 
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CHAPTER IV 


List of the Geneva and Subgenera 
of the World 


As it is apparent from the list, we prefer a more general classification of the group 
as to the genera. As \vc will mention in the phytogeny chapter, we do not accept 
any further subdivision of the aphiduds into subfamilies, tribes, etc. for the time 
being, as our knowledge of the separate criteria is rather unequal. 

Genus: Acanthocaudus smith, 1944. 

Trioxys HALJDAY, 1833, subg. Acanthocaudus smith, 1944, 

Ohio State Univ. Contr. Zoo. Em., 6:85, 96. 

Type spedes: Trioxys (Acanthocaudus) tissoti smith, 1944. 

Genus: Aclitus forster, 1862. 

Aelitas forster, 1S62, Verh. Naturh. Ver. Prcuss. Rhein!., 19:248. 

Type species: Aelitas otanmpenms forster, 1862. 

Genus: Aphidius nees, 1818. 

Incubus schrank, 1802, Fauna boica, 2:315 (Rejected). 

Type species: Ichneumon aphidum Linnaeus, I 75 8 - 
Aphidius nees, 1818, Nov. Acta Acad. L. C., p. 3°2. 

Type species: Bracon picipes nees, i8ii (Rejected), 

Aphidius avenae halida y, 1834, (design, by hincks, 1951). 

Theracmioti holmgren, 1872, Ofvers. Svensk. Vet. Acad. Fork., 29(6) : 99 - 
Type species: Theracmioti arcticus holmgren, 1872. 

Aphidius nees, 1818, subg. Eiiapfiitfins mackauer, 1961, Beitr. Ent., it: 10. 

Type species: Aphidius pterocommae ashmead, 1900. 

Genus: Archaphidus stary & schlinger, 1967. 

Archaphidus stary & schlinger, 1967, Scries ent. 3:30. 

Type species: Archaphidus greenideac stary k schlinger, 1967. 

Genus: Areopraon mackauer, 1959. 

Areapraon mackauer, 1959, Beitr. Ent. 9:849-50. 

Type species : Praon lepelleyi waterston, 1926. 

Genus: Bioxys stary & schlinger, 1967. 

Bio.vys STARY ic SCHLINGER, i 967, Series ent. , 3:32. 

Type species: Bioxys japouicus stary & schlinger, 1967. 

Genus: Boreogalba mackauer, 1962. 

Boreogalba mackauer, 1962, Canad. Ent., 94:1107-8. 

Type species: Boreogalba glad ifer mackauer, 1962. 

Genus: Calaphidius mackauer, 1961. 

Calaphidius mackauer, 1961, Boll. Lab. Ent. Agr. Portici, 19:283. 

Type species: Calaphidius elegans mackauer, 1961. 

Genus: Chaetopaitesia mackauer, 1967. 

Chaetopauesia mackauer, 1967, Entomophaga, 12:141-2. 


Type species: Chaetopauesia talis mackauer, 1967. 

Genus: DiaereteVus star i960. 

Diaeretellus stary, i960, Acta Soc. cnt. Cechoslov., 57:243-4. 

Type species: Aphidius ephippium jiauday, 1834. 

Genus: Diaeretiella stary, i960. 

Diaeretiella star£, i960, Acta Soc. ent. Cechoslov., 57:242-3. 

Type species: Aphidius rapae m’intosh, 1855. 

Genus: Diaeretus forster, 1862. 

Diaeretus foster, 1862, Verli. Naturh. Vcr. Preuss. Rhcinl., 19:249. 

Type species: Aphidius leucopterus iialiday, 1834. 

Genus: Dyscritulus ntNCKS, 1943. 

Dyscrittis marshal!, 1896, in Andrd, Spec. Hym. Europe d’AIg., 5:532, 617 

(Prcocc.). 

Type spedes: Dyscrittis planiceps Marshall, 1896. 

Dyscritulus hincks, 1943, Entomologist, London, 76:103, 224. 

Type species: Dyscrittis planiceps marshall, 1896. 

Genus: Ephedrns hauday, 1833. 

Aphidius NEES, 1818, subg. Ephedrns hauday, 1833, Ent. Mag., 1:261, 485. 

Type spedes: Bracott plagiator nees, 1811. 

Elassus wesmael, 1835, Nouv. Mem. Acad. Sd. Bruxelles, 9:85. 

Type spedes; Elasst/s parcicortiis wismael, 1835. 

Subgenus: Ephedrns s. str. 

Ephedrns iialiday, 1833, subg. Ephedrns s. str., stary, 1958, Act3 Faun. Ent. Mus. 
Nat. Pragae, 3:66-7. 

Type spedes: Bracott plagiator nees, 181 z. 

Subgenus: Lysephedrus stary, 1958. 

Ephedrns hauday, 1833, subg. Lysephedrus star*, 1958, Acta Faun. Ent. Mus. Nat. 
Pragae, 3 154- 

Type spedes: Aphidius (Ephedrus) validus iialiday, 1834. 

Genus: Lipolexis forster, 1862. 

Lipolexis forster, 1862, Verh. Naturh. Vcr. Preuss. Rhcinl., 19:249. 

Type spedes: Lipolexis gracilis forster, 1862. 

Cynocryptus QUILIS, 1931, Eos, Madrid, 7:27-8. 

Type spedes: Gynocryptus pieltaini quilis, 1931. 

Genus: Lysaphidus smith 1944. 

Aphidius nees, 1818, subg. Lysaphidus smith, 1944, Ohio State Univ. Contr. Zoo. 
Ent., 6:72. 

Type species: Aphidius (Lysaphidus) adelocarinus smith, 1944. 

Genus: Lysiphlebia stary a schlincer, 1967. 

Lysiphlehia stary a schlincer, 1967, Scries ent. 3:68-9. 

Type species: Lysiphlcbus japotticus ashmead, 1906. 

Genus: Lysiphlebus forster, 1862. 

Lysiphlcbus FORSTER. 1862. Verh. Naturh. Vcr. Preuss. Rhein].. 19:248-50. 

Type spedes: Aphidius (= Bracott) dissohitus (sees, 1811). 

Aphidcna provanchfr, 1888, Addit. Corr. Faune cnt. Canada, Hym., p. 396. 
Type species: Aphidaria basilaris frovanciicr, 1888. 

Subgcnus: Adialytus forster, 1862. 

Adialytus FORSTTB. 1X62, Verh. Naturh. Vcr Preuss. Rhcinl., 19:249, 2$0. 

Type species. Adialytus remits forster, 1862 
Subgcnus: Lysiphlebus s str 

Lysiphlebus forster, 1862. Lysiphlebus s. str . stary, (in htt.). 



Type species: Aphidius (Bracon) dissolutus (nees, i8ii). 

Lysiphlebiis forster, iS62,subg. Platycyphus mackauer, i960, Bdtr.Ent., 10:590-1. 
Type species: Lysiphlebiis (Platycyphus) macroeomis mackauer, i960. 

Subgenus: Phlebns stary (in litt.) 

Lysiphlebiis forster, 1862, subg. PMebiis stary, (in litt.). 

Type species: Aphidius fabarum Marshall, 1&96. 

Genus: Metaphidius stary a sedlag, 1959. 

Aphidius nees, i8r8, subg. Metaphidius stars' a sedlag, 1959, D. cnt. Z., N. F., 
6:160-1. 

Type species: Aphidius ( Metaphidius) trioxyfonnis stary a sedlag, 1959. 

Genus: Monoctonia stary, 1962. 

Monoctonia stary, 1962, Rev. d’Ent. dc l’URSS, 41 : 876-7. 

Type species: Monoctonia pistaciaccola stary, 1962. 

Genus: Mouoctonus halida y, 1833. 

Aphidius nees, 1818, subg. Mouoctonus haliday, 1833, Ent. Mag., 1:261, 487. 
Type species: Aphidius (Mouoctonus) caricis haliday, 1833. 

Aphidileo rondant, 1848, Nuovi Ann. Sci. Nat. c Rend., Bologna, 2(9): 14. 

Type spedes: Aphidius resotutus nees, 1834. 

Subgenus: Falciconus mackauer, 1959. 

Mouoctonus haliday, 1833, subg. Fakicottus mackauer, 1959, Senck. biol., Frank- 
furt M., 40:180. 

Type spedes: Aphidius pscudoplatani marshall, 1896. 

Subgenus: Harkeria cameron, 1900. 

Harkeria CAMERON, 1900, Ann. Mag. Nat. Hist., 6:537. 

Type spedes: Harkeria nifa cameron, 1900. 

Subgenus: Mouoctonus s. str. 

Mouoctonus haliday, 1833, Mouoctonus s. str., stary, 1959, Acta Soc. ent. Cecho- 
slov., 59:241-2. 

Type spedes: Aphidius (Mouoctonus) caricis haliday, 1833. 

Subgenus: Paranionoctonus stary, 1959. 

Mouoctonus haliday, 1833, subg. Paranionoctonus stary, 1959, Acta Soc. ent. 
Cechoslov., 56:238-9. 

Type spedes: Mouoctonus (Paranionoctonus) angustii'ah'us stary, 1959. 

Genus: Paralipsis forster, 1862. 

Paralipsis forster, 1862, Verb. Naturh. Verh. Preuss. Rheml., 19:248. 

Type spedes: Aphidius euervis nets, 1834. 

Myrinecobosca maneval, 1940, Bull. Soc. Linn. Lyon, 9:9. 

Type spedes: Myrinecobosca mandibularis maneval, 1940. 

Genus: Pauesia quilis m.p., 1931. 

Pauesia quilis, 1931, Eos, Madrid, 7:67-9. 

Type spedes: Pauesia albuferetisis quilis, 1931. 

Aphidius Nees, 1818, subg. Paraphidius stary, 1958, Acta Faun. Ent. Mus. Nat. 
Pragae, 3:56, 91. 

Type spedes: Aphidius cahforuicus ashmead, 1888. 

Genus: Praon haliday, 1833. 

Aphidius nees, 1818, subg. Praon haliday, 1833, Ent. Mag., 1:483. 

Type spedes: Brmon exolehu nets, i8lx. 

Bracon nees, 1811, subg. Achoristtts ratzeburg, 1852, Ichn. d. Forstins., 3:31-2. 
Type species : Bracon (Achoristtts) aphidiifonnis ratzeburg, 1852. 

Aphidaria provancher, 1886, Add. Faun. Canad. Hym., p. 151. 

Type spedes; Aphidaria simulans provancher, 1886. 


Genus: Protaphidtus ashmead, 1900. 

Coelonotus forster, 1862, Verb. Naturh. Vcr. Prcuss. Rheinl., 19:248 (Preocc.) 
Type species: Coelonotus rufus forster, 1862. 

Protaphidtus ashmead, 1900 , Canad. Ent., 32 : 368 . 

Type species: Coelonotus rufus forster, 1862. 

A Unozzia coidanich, 1934, Boll. Lab. cnt. Bologna, 6:217-29. 

Type species: Matozzia formicaria coidanich, 1934. 

Genus: Pseudephedrus stary, (in litt.) 

Pseudephedrus stary, (in litt.) 

Type species: Pseudephedrus neotropicahs STARY, (in litt.) 

Genus: Tmytrichoptiorus mackauer, 1961. 

Tanytrichophorus mackauer, 1961, Boll. Lab. Ent. Agr. Portici, 19:271-2. 

Type species: Tanytrichophorus petiolaris mackauer, 1961. 

Genus: Toxares iiauday, 1840 . 

Aphidius nees, x8t8, subg. Trionyx HALID AY, 1833, Ent. Mag., 1:487 (PreoccA. 
Type speaes: Aphidius (Trionyx) del tiger halida y, 1833. 

Toxares haliday, 1840, in westwood, 1840, Introd. Mod. Classif. Insects, 2: 
Synops., p, 65. 

Type species: Aphidius (Triottyx) deltiger haliday, 1833. 

Genus: Trioxys haliday, 1833. 

Aphidius nees, 1818, subg. Trionyx haliday, 1833, Ent. Mag., 1:261-488. 

Type species: Aphidius cirsn Curtis, 1831. 

Misaphidus rondani, 1877, Boll. Soc. Em. Ita!., 9:185. 

Type species: Misaphidus aphidiperda rondani, 1877. 

Neuropencs provancher, 1886, Add. Faun. Canad. Hym., p. 151, 153. 

Type species: Neuropeites ovahs provancher, 1886. 

Subgenus: Betuloxys mackauer, i960. 

Trioxys haliday, 1833, subg. Betuloxys mackauer, i960, Bcitr. Ent., 10:139. 
Type speaes: Trioxys compressicornis Ruthe, 1859. 

Subgenus: Binodoxys mackauer, i960. 

Trioxys haliday, 1833, subg. Binodoxys mackauer, i960, Bcitr. Ent., 10:141. 
Type species: Aphidius (Trioxys) angelkac haliday, 1833. 

Subgenus: Fissicaudus stary & schlincer, 1967. 

Trioxys haliday, 1833, subg. Fissicaudus stary & schlincer, 1967, Series cnt., 

3-S2Z. 

Type species: Trioxys (Binodoxys) Confucius mackauer, 1962. 

Subgenus: Pectoxys mackauer, i960. 

Trioxys haliday, 1833, subg. Pectoxys mackauer, i960, Bcitr. Ent., 10:154-5. 
Type species: Trioxys (Trioxys) nuuroceratus mackauer, i960. 

Subgenus: Trioxys s. str. 

Trioxys iiauday, 1 83 3, subg. Trioxys s. str., mackauer, 1939, Beitr. Em., 9 : 149. 
Type species: Aphidius cirsii curtis, 1831. 

Genus: Xenostigmus smith, 1944. 

Aphidius nees, 18 1 8, subg. Xenostigmus smith, 1944, Ohio State Univ. Contr. Zoo. 
Ent., 6:35-6. 

Type speaes: Aphidius bifasciatus ashmead, 1891. 



CHAPTER V 


Key to the Genera and Subgenera 
of the World 


1 Wings fully developed 2 

- Apterous Diacretellus STARY 

2 (i) Median vein developed throughout, separating radial cell i from median cell 

(Figs. 107, 1 1 5) 3 

- Median vein effaced frontally or entirely, radial cell 1 and median cell I confluent ; 

venation often reduced behind basal vein (Figs, no, 1 12, 161, 170) 7 

3 (2) Interradial veins effaced (Figs. 115, 135) 4 

- Both interradial veins developed (Fig. 107) 6 

4 (3) Radial vein developed throughout, ptcrostigmal cell (Fig. 135) almost com- 

plete. Median vein strongly sclcrotizcd almost to wing apex. Pupation inside 
mummified aphid. Pseiidephednts stary 

- Radial vein shorter, never reaching wing margin, ptcrostigmal cell distinctly 

incomplete. Median vein more or less colourless in its fore portion (Fig. 115). 
Pupation inside or under mummified aphid 5 

5 (4) Propodeum smooth. Ovipositor sheaths sparsely haired (Fig. 174). Pupation 

under parasitized aphid in a separate cocoon. Praon haliday 

- Propodeum more or less distinctly areolated (Fig. 134). Ovipositor sheaths densely 
haired (Fig. 174). Pupation inside mummified aphid Areopraoti mackauer 

6 (3) Ovipositor sheaths and ovipositor straight or slightly curved downwards 
(Figs. 126, 163). Antennae 1 1 -segmented. Abdomen lanceolate. Ephedras haliday 
a Propodeum coarsely irregularly and deeple rugose. (Fig. 137). Ovipositor 

sheaths densely pubescent. (Fig. 126) Lyrepfiedms stary 

- Propodeum regularly areolated, discs of areolae smooth to almost smooth, 
sometimes slightly sculptured near the carinae (Fig. 124). Ovipositor sheaths 
with scattered hairs (Fig. 163) Ephedras s. str. 

- Ovipositor sheaths curved downwards, rather broadened, deltoid and trifid at 

extremity (Fig. 141). Ovipositor curved downwards. Antennae 18-segmented. 
Abdomen rounded. Toxares haliday 

7 (2) Radial and median cells confluent, distinctly completed by second interradial 

vein along their external margin (second interradial vein sometimes nearly 
colourless but distinct (Figs. 112, 169, 170) 8 

- Radial and median cells confluent, open, not completed by interradial vein 2 

along their external margin (Figs, no, 161, 176) 19 

8 (7) Pterostigmal cell distinctly complete (Fig. 117) 9 

“ Pterostigmal cell incomplete (Figs. 112, 170) 10 

9 (8) Eyes small, (Fig. 122). Antennae moniliform. Notaulices distract at base as 
slight rugosities. Propodeum smooth. Abdomen rounded. Tergite 1 transverse. 

Aelitas FORSTER 
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Fig. 1 06-115. Note: The figures 106-178 were compiled from the following papers: 
STAR*, 1966. 1968, STAR-# & saaiNCER. 1967, except where otherwise stated. 

106. Morphology and nomenclature of head. FC — facies, CL — clypeus, MD — 
mandible, GE - gena, O - eye, FR. - frons, OC - ocellus, interocul — interocular line, 
socket ocul. - socketocular hne, facial - facial line, head w. - head width, transfac. - 
transfacial line, tent. ocul. - tentono-ocular line, clypeoant. - clypeoantennal line, 
intertent. - intcrtentorial line. 107 Nomenclature of wing venation, Ephedrus sp- 
Pt - ptcrostigma, Mt - metacarpus. C - costal vein. Sc - subcostal vein, P — basal vein. 
Be - basal cell. An - anal vein, Cu - cubital vein. Cue, 2 — cubital cell 1, 2,n— nervulus, 
R.C i . t, s - radial cell 1, 2 , 3, Ir,, 2 - tnterradsal vein 1, 2, Me - median cell, Im - inter- 
mcdian vein, R. - radial vein, M - median vein, Ptc - pterostigmal cell. 108. Xenoshgrmtt 
bi/asciaius, fore wing. 109 Nomenclature of $ genitalia, lateral view. MP — median 
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prong of IXth tergite, PTGR - proctigcr, VLF - valvifcr (i, 2), VL - valvula (1, 2, 3), 
VP - ventral prong of IXth tcrgitc, AP - anterior prong of 2nd valvula. no. Lipolexis 
gracilis, fore wing. hi. Dyscriiulus planiccps, fore wing. 112. AphiJitts rosae, fore wing. 
113. Pauesia picta, propodcum. 114. A rchaphiduS green idcac, propodeum. 115. Praon sp., 
fore wing. 


- Eyes large. Antennae tiliform. Notauliccs effaced. Propodcum partially carina ted. 
Abdomen lanceolate. Tcrgitc 1 distinctly longer than wide at spiracles. 

Archaphidus stary a schuncer 
to (8) Confluent radial and median cells distinctly separated on lower margin by 
fused intcrmcdian and median vein (Fig. 112) 1 1 

- Confluent radial and median cells on the lower margin open — the rest of median 

vein visible only under the second interradial vein (Fig. 1 70) 17 

it (10) Abdominal segments beginning with the 4th remarkably tubiform and 
telescopic (Fig. 152) Protaphidius ashmead 

- Abdominal segments of normal shape, abdomen lanceolate or rounded 12 

12 (ri) Ovipositor sheaths slightly curved upwards 13 

- Ovipositor sheaths curved downwards, ploughshare-shaped, or slender, grad- 
ually narrowing to the apex (Figs. 151, 157). (Note: wing venation variable). 

Monoctomis haliday 

a Propodeum distinctly arcolatcd (Fig. 120). Ovipositor sheaths ploughshare- 
shaped (Fig. 151), or slender and gradually narrowing to the apex (Fig. 133). c 

- Propodeum with two divergent carinae in lower portion, sometimes with 
feeble rugose markings as remainder of central areola. Ovipositor sheaths long 
and slender, only slightly dilated in the centre and narrowing to the apex 

(Fig- 157 ) b 

b (a) Antennae 14-15-segmented. Propodeum smooth, with two divergent cari- 
nae in lower part (Fig. 164). Tergite 1 with prominent spiracular tubercles 
(Fig. 140), almost twice as long as wide at spiracles Paramonoctonus stary 

- Antennae 16-segmented. Propodeum slightly granulate, with two divergent 

carinae in lower portion and small rugosities as remainders of central areola. 
Tergite I with poorly prominent spiracular tubercles, almost parallel-sided, 
almost 3 times as long as wide at spiracles Harkeria CAMERON 

c (a) Ovipositor sheaths stout, ploughshare-shaped (Fig. 151). 

Monaetonus s. str. 

- Ovipositor sheaths slender, gradually narrowmg to the apex (Fig. 133) 

Falcicoitus mackauer 


13 (12) Metacarp shorter than width of pterostigma (Fig. 108). Xenostigmus smith 

- Metacarp longer than width of pterostagma (Fig. 1 12) 14 

14 (13) Carinae on propodeum forming large wide pentagonal areola (sometimes 

poorly visible in the longitudinal portion) (Fig. 113) 15 


- Carinae on propodeum forming very narrow, small, central areola (Fig. 162). 

Aphidius nees 

15 (14) Tergite 7 with small tubiform prong at base (Fig. 121). 

Metaphidius stary & sedlag 


— Tergite 7 without small tubiform prong at base. 16 

16 (15) Ovipositor sheaths with sparse hairs Pauesia quilis 

- Ovipositor sheaths densely pubescent Chaetopauesia mackauer 



116. LyiSphUur arrmsis, <~ t genitalia. 117. ArtkaphlJut grtavdeae, fore 
»WfMt* M.’n.vwm.i f iifA'ijrwtj. ? genitalia 119 Lysiphtfbui ulieaphit, tergitc 1. 120. 
M'MAtenuf propodenm. III. AfettpfciJiu* a!mirrui, apex of abdomen. 122- 

•***<*«» 4 *wipfwtii. head from above. 12 J. Trioxyt ? genitalia. 114. f/'/irirwi 

crraiuela. propodorn 12 J Lfliphlshit fikirvm. tcrgttc J. I2fi I'fhrJrut 1 at, Jut, r , 
gout aha 127 Pjrt’if r*rr% 11, fore wing. 124 M.’ri.vfc’rtuj anfuitti jli-ul, fore wing 
(vitiation) 129 LyuphiJui ttji-.mt, fore wing ijo I>i*rmn Iru.^trrut, ptopodeum. 
1 1 1 . .d. f *mj fore » mg 1 j2 A.anth^juJu, i„ut,. , genitalia (i«rrn. 1944) 




Fig. 133-149. 133. Moiiwfomis pseudoplatani, 9 genitalia. 134. Artopraon lepelkyi, 
propodeum. 135. Pscudephedrus neotropicalis, fore wing. 136. Lysiphlcbus salicaphis, fore 
wing. 137. Ephcdms validus, propodeum. 138. Trioxys ceiltaureae, $ genitalia. 139. 
Lipotexis gracilis, ? genitalia. 140. Monoctonus attgustivalms, tergite 1. 14X. Tovares 
dcltiger, ? genitalia. 142. Lysiphlebiajapottica, § genitalia. 143. Parahpsis eikoae , head and 
part of the thorax, lateral view (yasumatsu, X951). 144. Lysiphlcbus sp., propodeum. 
145. Trioxys pannonicus, 9 genitalia. 146. Trioxys hortorum, 2 genitalia. 147. Praort vohure, 
9 genitalia. 148. Diacrctiella rapac, 9 genitalia. 149. Dyscritulus planiceps, head from above. 




17 (io) Tergite I with more or less developed central tubercle only, without central 
carina or coarse rugosities (figs. 1x9* I2 5. *44)- Tentorio-ocular line almost or 
equal to intertentorial line. Lysiphlebus forster 

a Flagellar segments distinctly longer than wide. Antennae 12-14-scgmentcd . b 

- Flagellar segments distinctly square. Antennae 1 5-1 6-segment ed 

Lysiphlebus s. str. 

b (a) The rest of cubital and median vein distinct (Fig. 170). Interradial vein 2 
distinct, somewhat colourless. Tergite 1 widely triangular (Fig. 125) 

Phlebus STARY 

- Only radial vein developed, the rest of cubital and median vein similarly as 

interradial vein 2 absent (Fig. 136). Tergite 1 slender, somewhat dilating to the 
apex (Fig. 1 19) Adialytus forster 

- Tergite I with more or less distinct central carina, more or less rugose. Tentorio- 

ocular Imc equal or shorter than intertentorial line *8 

18 (17) Tentorio-ocular line equal to intertentorial line. Anterior prong of valvulae 

2 normal (Fig. 142). Lysiphlebia stary & schlinger 

- Tentorio-ocular line distinctly shorter than intertentorial line, usually equal to 1/3. 
Anterior prong of valvulae 2 large and appearing flat from side (Fig. 1 16). 

Lysaphidtis smith 

19 (7) Radial vein pointlike. Pterostigma large, triangular, strongly sclerotizcd 

(Fig. 127, 165). Legs strong. Parahpsis forster 

- Radial vein distinctly developed, always longer, never pointlikc. Legs normal 20 

20 (19) Ovipositor sheaths curved downwards, terminal abdominal stemite some- 
times with 1-2 prongs (Figs. 145, 153, 139) 21 

- Ovipositor sheaths straight or slightly curved upwards, terminal abdominal 

stemite without posterior prongs (Fig. 148, 158) 27 

21 (20) Terminal abdominal stemite with 2-1 longer or shorter prongs (Figs. 145. 

155) 22 

- Terminal abdominal stemite without prongs 24 

22 (21) Terminal abdominal stemite with 1 upward curved prong (Fig. 155). 

Bioxys STARY & SCHLINGER 

- Terminal abdominal stemite with 2 upward curved to nearly straight prongs 

(Figs. 145, 166) 23 

23 (22) Posterior prongs on terminal abdominal stemite with accessory prongs 

(Figs. 132) Acanthocoudus smith 

- Posterior prongs on terminal abdominal stemite simple (Fig. 145). 

Trioxys haliday 

a Tergite 1 with primary (- spiracular) and secondary tubercles (Fig. 177), the 
latter sometimes poorly visible bring almost fused with primary tubercles . . b 

- Tergite 1 with primary tubercles only c 

b (a) Prongs of the last stemite beginning at the apex of stemite (Fig. 123) 

Binodoxys mackauer 

- Prongs of the last stemite beginning near the base of stemite (Fig. 168) 

FisstcauJus STAR* a schlinger 
c (a) Prongs with dilated and strongly differentiated apical portion, with several 
stout bristles dilated at the base (Fig. 146) Beiuloxys mackauer 

- Prongs slightly curved to nearly straight, without differentiated apical portion 

<P.p. 145) d 

d (c) Ovipositor sheaths normal, apical bristles normal, dilated at the base. 
Primary tubercles situated at the first third. Prongs of variable length (Fig. 145). 

Trioxys s. str. 




Fig. 150-165. 150. Pdiifsia abietis, 9 genitalia. 151. Alonodonus aepidis, 9 genitalia. 152. 
Protaphidius wissmatmii, abdomen (GoiDANicir, 1934). 153- Lysiphlcbia japomca, tergite 
x. 154. Trio.vyj audits, tergite 1. 155. Bioxys japotiicus, 9 genitalia. 156. Diaeretellus 
ephippium, $ genitalia. 157. Monodonus angustivah'us, 9 genitalia. 158. Diaeretus latcop- 
tenis, 9 genitalia. 160. Lysiphlebus dissohttus, propodeum- 1 61. Trioxys angelicae, fore 
wing. 162. Aphidius rosae, propodeum. 163. Ephedrus plagiator, 9 genitalia. 164. Afotioc- 
tonws <«igwrtiV<di'us, propodeum. 16s. Paralipsis encrvis, wing nibbled by ants (maneval, 
1940 ). 




Fig. 166-178. 166. Trioxys macrcceratus. $ genitalia. 167. Lysiphlebia japoniea, propo- 
dcum. 168. Trioxys confucuis, $ genitalia. 169. Monoclonus angustivclvus, fore wing. 170. 
LysipMcbus melandnuola, fore wing. 171 Diaereleilus ephippmm, fore wing. 172. Diaerctus 
Icucoplcrus. fore wing. 173. Borcogalba gladtfrr, fore wing (after mackalteh). 174. Arro- 
praon kptlltyt, 9 genitalia. 175* Lysipkiebus saheapkis, propodcum. 176. DiaerelicUa rapae, 
fore wing. 177. Trioxys angehiae, tergitc 1. 178. Monoelonia ptstaciaecoU, tergitc 1. 
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- Ovipositor sheaths rather long, with stout brush-like bristles at the inner side 
(Fig. 166). Prongs remarkably long, without apical bristles. Primary tubercles 
near the mid-line or at the First third of the tergite Pectoxys mackauer 

24 (21) Radial vein longer than 2/3 of its possible length so that ptcrostigmal cell 

nearly complete. Ovipositor sheaths slightly curved downwards, their upper part 
more strongly sclcrotizcd (Fig. 139). Lipolexis forster 

- Radial vein never longer than 2/3 ofits possible length ; ptcrostigmal cell distinctly 

incomplete. Ovipositor sheaths slightly curved downwards, more or less plough- 
share-shaped, or clawed or slender 25 

25 (24) Tergite 1 always longer than wide at spiracles. Ovipositor sheaths triangular, 

ploughshare-shaped, or slender, gradually narrowing to the apex 26 

- Tergite 1 square (Fig. 178). Ovipositor sheaths triangular, clawed (Fig. 118). 

Monoctonia stary 

26 (25) Median and intcrmcdian vein at least partly distinct see: Moticctomis uauday 

- Median and intcrmcdian vein entirely effaced (Fig. 173) Borcogalba mackauer 

27 (20) Notauhccs entirely effaced. Propodcum with more or less distinct wide 

central areola (Fig. 130). Diacre his forster 


- Notauliccs at least at the base distinct 28 

28 (27) Propodeum distinctly areolatcd, with small central areola 29 


- Propodcum smooth or with 2 divergent carinac in the lower part 

see: Lysiphlebtts forster 

29 (28) Head nearly square (Fig. 149). Notauliccs deep and distinct throughout. 
Pupation under parasitized aphid in a separate cocoon Dyscritulus minors 

- Head transverse. Notauliccs more or less deep but distinct at the ascendent part 

only 30 

jo (29) Intermedian vein (fused with part of median vein) entirely effaced (Fig. 176). 

Dtacretiella stary 

- Intermedian vein (fused with part of median vein) distinct, somewhat less coloured 

than the radial vein (Fig. 171). Sometimes ?? wingless Dtacrctcllus stary 

Note: The following genera are not included in the key — Calaphidim mackauer, 

Tatiyirichophorus mackauer 



CHAPTER. VI 


Bionomics and Life-History 


Development 

embryonic development. The embryonic development of the aphidiids * manifests 
rather similar general features as far as the intermediate and late embryonic develop- 
ment stages arc concerned. Striking differences were observed in the early embry- 
ogeny between two generic groups. For this reason we have decided to deal with 
the embryonic development in an Ephedrus species in more detail, the differences 
known to occur in other genera and species being mentioned as an addition. 

Ephedrus pfagiator (partially after jvanova kasas 1961). The eggs are alecithal, the 
plasma appears to be homogeneous. The external cover is formed by the chorion. 
Oosoma is situated at the hind end of the egg (Fig. 1 80) 

In newly deposited eggs the nucleus cannot be differentiated. After initiation of 
cleavage the nuclei have the form of rounded light small bladders. Although there 
is a lack of yolk and the egg is small, the cleavage is typically partial. At the stage 
of four cleavage nuclei the free space between the egg surface and chorion disappears 
(Fig. 192). . . j 

Then there appears a boundary that separates the central plasma with differentiated 
nuclei from the blastoderm. As the number of cells gradually becomes higher, the 
blastoderm becomes irregularly two-layered. Then the blastoderm differentiates 
into an upper layer, whichis characterized by lighter nuclei that arc situated less com- 
pactly, and a lower layer, whose nuclei arc situated more compactly and are 
elongated perpendicularly to the surface of the egg. From the upper layer the ser- 
osa develops, from the loss er layer the embryo develops; thus, the serosa develops 
through dclamination. After the development of the embryonic envelope the cells 
or rudiments of the reproductive organs arc situated beneath the serosa (Fig. 193)- 
Furthcr, the embryo increases in length. Along the longitudinal axis a narrow 
tubiform space develops, in which the degenerative remnants of plasma and yolk 
nuclei may be found (Fig. 193). On a cross section it can be observed that the em- 
bryonic blastoderm does not form a continuous layer, but it is interrupted at one 
side and is furrow-like (Fig. 190). Then, the embryonic envelope of the embryo 
extends in w idth. becomes more spacious (Fig. 190) and the borders of the mentioned 
fuiTow appear to expand (Fig. 191). At this stage, the embryo lias the shape of a 
germ band, but differs in that it does not lie on the yolk and its borders do not pass 
into amnion, as both y oik and amnion arc lacking. In a corresponding manner, the 
side to which the open part of the furrow is directed must be considered as the dorsal 
side, and the opposite one as the ventral side. 

In a cross-section of the germ band (Fig. 191) three areas may be differentiated, 

*^he autor n indebted to Prof Dr. E. tsemblay for many valuable notes regarding 
the development of the aphiduds. 







which differ in the distribution of cells. The lateral sides of the band arc composed 
of two epithelial layers, which arc well limited externally 3nd internally, consisting 
of high cylindrical cells, which are well compacted altogether. In the median portion 
the germ band is well differentiated only externally, and the cells which form it arc 
irregularly elongated into the cavity of the furrow. Obviously, there the process of 
differentiation of the mesoderm begins. 

At this period, approximately after 24 hours from egg-deposition, the embryo 
(and envelope) becomes distinctly increased in size. The embryo for example be- 
comes elongated; it is not elongated under the envelope, but it forms irregular bends 
(Fig. 181) and later it is loop-shaped (Figs. 182, 183) or slightly spiral-shaped (Fig. 
18 5 ). 

Then the lateral portions of the germ band become confluent at the dorsal side, 
so that the embryo is sausage-shaped. The fore portion of the embryo forms a 
transversal enlargement — the cephalic lobes (Figs. 183, 184, 185) — and along the 
whole length of the embryo the slight impressions — the first signs of segmentation — 
appear. The cephalic lobes gradually become massive. Among them, there appears 
an unpaired lobe, which is slightly vcntrally directed and represents the origin of the 
labrum (Fig. 185); near its basis, a deep cylindrical impression may be observed, the 
stomodeum (Fig. 183). In the following three segments the paired ventral-lateral 
lobes develop — the rudiments of mandibles, maxillae, and labium (Fig. 185). In the 
liind end of the embryo a slight enlargement may be observed, on which the im- 
pression of proctodeum can be distinguished. 

The further development of the embryo is connected with its enlargement. For 
this reason, the proportions of the body change and the embryo appears to be 
shorter. Segmentation of the body becomes well distinguishable. At the hind end, 
the unpaired cauda and two perpendicular ventral prongs can be seen (Fig. 188). The 
relative dimensions of the mouth portions diminish. Gradually, the embryo exhibits 
the forms of the future first instar larva, but because of blasto kinetic movement it is 
situated turned the other way round, with its ventral part outside (compare Figs. 
188 and 194). 

During embryonic development the embryo rather increases m dimensions, the 
stage figured (Fig. 188) is 3O0timcs larger and the instar I. larva (Fig. 194) 400times 
larger than the deposited egg (ivanova kasas, 1961). 

The eggs of the aphidnds are of monoembryonic type, as only a single larva is 
produced from an individual egg. 

Remarkable differences from the above mentioned development of Ephedrus- 
spedes can be found to occur in the early embryogeny of other groups such as 
Aphidius and more or less related genera ( Diaeretiella , Lysiphlebus ) (ivanova kasas 
1961, tremblay 1966) (Figs. 1S0-202, 203-213.) In Ephedrus the development of the 
embryonic envelope occurs later than in Aphidius ; in Ephedras, the envelope originates 
through delamination of the blastoderm, while in Aphidius it derives from a differ- 
entiation of blastomeres. Further, the greater number of cells in the serosa of Ephedras 
conditions a less elongation of the cells and this enables the embryo to occur in a 
more free manner inside, there being consequendy not such a great bending of the 
embryo as in Aphidius. However, the most important fact is in that there are less 
palingenetic peculiarities in Aphidius. for example, the cleavage in Aphidius becomes 
total rather soon, and this is connected with the lack of the blastoderm stage, lack of 
homologue of yolk nudei and the germ band does not develop at all. Further, the 
manner of development of the embryonic envelope is more changed in Aphidius 
and this process may be observed in an earlier period; this is believed to have an 
adaptive significance as the serosa has rather important functions. Consequently, 



Fig. 189-202. 189. r.phedms pfagiator. Embryo at the end of segmentation stage; 
transversal section. 190. Ditto, after the development of serosa. 191. Ditto, stage of 
germ band 192. Egg at the end of cleavage. 193- Embryo with differentiated blastoderm 
and serosa. 194. First instar larva (all figures drawn from ivanova kasas 1961). 195-198. 
Early stages of embryonic development of AphiJms sp. 195. Egg before cleavage. 196. 
Stage of two cleavage nuclet. 197 Stage of four cleavage nuclei. 198. Total cleavage. 
t99-20t. Development of embryonic envelope. Aphid,™ sp. 201. Section. 202. ‘Giant 
ecus of various stages (all figures redrawn from ivanova kasas 1961). 
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which differ in the distribution of cells. The lateral sides of the band arc composed 
of two epithelial layers, which arc well limited externally and internally, consisting 
of high cylindrical cells, which are well compacted altogether. In the median portion 
the germ band is well differentiated only externally, and the cells which form it are 
irregularly elongated into the cavity of the furrow. Obviously, there the process of 
differentiation of the mesoderm begins. 

At this period, approximately after 24 hours from egg-deposition, the embryo 
(and envelope) becomes distinctly increased in size. The embryo for example be- 
comes elongated; it is not elongated under the envelope, but it forms irregular bends 
(Fig. 1 81) and later it is loop-shaped (Figs. 182, 183) or slightly spiral-shaped (Fig. 
185). 

Then the lateral portions of the germ band become confluent at the dorsal side, 
so that the embryo is sausage-shaped. The fore portion of the embryo forms a 
transversal enlargement — the cephalic lobes (Figs. 1S3, 184, 185) — and along the 
whole length of the embryo the slight impressions — the first signs of segmentation — 
appear. The cephalic lobes gradually become massive. Among them, there appears 
an unpaired lobe, which is slightly vcntrally directed and represents the origin of the 
labrum (Fig. 183); near its basis, a deep cylindrical impression may be observed, the 
stomodeum (Fig. 185). In the following three segments the paired ventral-lateral 
lobes develop — the rudiments of mandibles, maxillae, and labium (Fig. 185). In the 
hind end of the embryo a slight enlargement may be observed, on which the im- 
pression of proctodeum can be distinguished. 

The further development of the embryo is connected with its enlargement. For 
this reason, the proportions of the body change and the embryo appears to be 
shorter. Segmentation of the body becomes well distinguishable. At the hind end, 
the unpaired cauda and two perpendicular ventral prongs can be seen (Fig. 188). The 
relative dimensions of the mouth portions diminish. Gradually, the embryo exhibits 
the forms of the future first instar larva, but because of blastokinetic movement it is 
situated turned the other way round, with its ventral part outside (compare Figs. 
188 and 194). 

During embryonic development the embryo rather increases in dimensions, the 
stage figured (Fig. 188) is 300tim.es larger and the instar I. larva (Fig. 194) 400times 
larger than the deposited egg (ivanova KASAS, 1961). 

The eggs of the aphichids are of monoembryonic type, as only a single larva is 
produced from an individual egg. 

Remarkable differences from the above mentioned development of Ephedms- 
species can be found to occur in the early embryogeny of other groups such as 
Aphid tits and more or less related genera ( Diaeretiella , Lysipltlebus) (ivanova kasas 
1961 , tremblay 19 66) (figs. iSo-202, 203-213.) In Ephedrus the development of the 
embryonic envelope occurs later than in Aphidius ; in Ephedras, the envelope originates 
through delamination of the blastoderm, while in Aphidius it derives from a differ- 
entiation of blastomeres. Further, the greater number of cells in the serosa of Ephedras 
conditions a less elongation of the cells and this enables the embryo to occur in a 
more free manner inside, there being consequently not such a great bending of the 
embryo as in Aphidius. However, the most important fact is in that there are less 
palmgenetic peculiarities in Aphidius ; for example, the cleavage in Aphidius becomes 
total rather soon, and this is connected with the lack of the blastoderm stage, lack of 
homologue of yolk nuclei and the germ band does not develop at all. Further, the 
manner of development of the embryonic envelope is more changed m Aphidius 
and this process may be observed in an earlier period; this is believed to have an 
adaptive significance as the serosa has rather important functions. Consequendy, 




Fig. 203-218. 203-209. Aphid ms sp. Development and changes of the embryo. Succes- 
sive developmental stages. 210-21 1. Embryo taken out of the envelope, advanced stage. 
212. Tirst instar larva before hatching 213 First instar larva (all figures redrawn from 
IVANOVA KASAS 1<XS*)- 214*21 8. Nutritive cells of an egg (Diaerelielh rapae), 214-the 
youngest egg, 218. the oldest egg (redrawn from sedlag 1957). 
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Aphidius is more adapted to the parasitic conditions of embryonic development and 
it is more deviated from the more general type of insect evolution than the relatively 
more primitive Ephedrus. Nevertheless, another viewpoint can be applied with 
respect to the development of adaptation. The comparison of the embryonic devel- 
opment of Ephedras and Aphidius shows that the rapidity of morphological evolution 
is not coincident with the evolution of physiological adaptation; in this ease the 
ability of the parasite embryo to feed on the host is rather important as it may be 
expressed quantitatively during the embryonic development: although Ephedrtis is 
cvolutionarily more ancient as to its morphology than Aphidius, it is more progressive 
physiologically, as a greater enlargement of the parasite embryo during embryonic 
development may be observed in Ephedrus (after ivanova kasas 1961). 

POSTEMBRYONIC development. When the embryonic development is completed, 
the larva uses its mandibles and causes a rupture of the embryonal envelope and 
hatches, then laying freely in the host body cavity (Fig. 96). 

The further fate of the serosal cells is rather important. After the larva has hatched, 
numerous pieces of the broken serosa are found next to the larva, each of them vary- 
ing in size and number of nuclei. These fragments of the serosa then change their size 
in rounding off, they grow very quickly and fare, rich in nutritive substances 
(glycogen, protein, fat). These substances then serve, in a similar way as the aphid body 
fluids and tissues, as food for the parasite larva and this is why their cytoplasm 
becomes more and more vacuolated as the parasite larva develops, the size of 
degenerating mass increasing (Fig. 20a). 

The serosal cells, which are generally known as “giant cells”, can develop if the 
parasite larva dies and they themselves cause the death of the host (ocloblin 1942, 

IVANOVA KASAS 1961, RUBTZOV 1 966, TREMBLAY 1 966). 

- LARVA, i. The first instar larva mostly feeds by liquid food ingestion. The rather 
prominent and acute mandibles have no gnawing function: their use may be to 
puncture membranous tissue in order to permit discharge of liquid or semihquid 
contents. The larva diffuses some cytolytic excretion mto the host body fluids and 
this excretion influences the young embryos and ova of the host, while the ovaries, 
mature embryos, etc., are not affected (see: influence of parasite on the host). Adipose 
nssue is also influenced by the excretion in a similar manner. 

The first instar larva moves in using either a body contracting and expansion, or 
a caudal prong and even the setae on body segments may be useful (see: schlinger a 
hall i960). 

2. The Instar II. larva is also mandibulatc, but it feeds m an osmotical way m a 
similar manner to the instar I. larva. 

3. The Instar III. larva is emandibulate and feeds osmotically similarly as the 
previous instar larvae. Likewise, it does not cause any injury to the vital organs of 
the host, and feeds on the body fluids of the host, but, naturally, the number of 
injured aphid embryos, adipose cells and giant cells is correspondingly higher. 

There are various observations on the manner of feeding of separate instar larvae 
(e.g. compare spencer 1926, tremblay 1966, and schlinger a hall i960). 

4- The Instar IV. larva is mandibulate and uses its mandibles to cause injury to the 
vital organs of the host and completely consumes the inside of the aphid, which is 
killed in consequence: after the content of the abdomen is consumed, the larva 
begins to feed on the inside of the thorax and head and it was even observed to 
suck food material from the host's legs; after the whole content of the host body is 
consumed, the larva scrapes the host body integument by labiostipital sderome to 
consume really everything (see: schlinger a hall i960). Thus, the larva remains 



Fig. 219. Last instar larva of Aphldms trvi (photo courtesy of Dr. hozAk). M - mouth 
opening, CG - ccrcbrat ganglia, A - anus, I - imaginal discs, N - nerve cord. S - silk 
gland, F - fat bodies, AT - alimentary tract, T - tracheae, SA - silk gland aperture, 
spiracles not recognizable on the picture. 


free inside the body cavity of the host and this is why its spiracles come into active 
function. 

Last instar larva may be considered the stage in parasite development, when the 
parasite becomes independent of the existence of the living host, but it is still unable 
to occur freely in the open ; the last instar larva must, towards the end of its life, 
make certain modifications of the microenvironment of the aphid inside, as the 
following instars, before the adult parasite develops, are unable to develop a similar 
activity. Thus, the last instar larva mounts and constructs the cocoon, which must 
protect the prcpupal and pupal stage from eventual injury. Contrary' to the living 
parasitized aphid and the parasite adult, the prepupa and pupa arc closed inside the 
cocoon and cannot find any shelters actively, thus they must be mounted to the 
surface as to a certain relatively fixed environment and the cocoon must protect 
them. 

a. Cocoon spinning. After the larva lias eaten all the content of the aphid and has 
killed it, it starts to spin the cocoon First, before the true cocoon is spun, a small hole 
is cut at the ventral side of the aphid skin and the aphid is mounted to the sur&cc 
by the secrete of the silk glands (Fig 227) Then, the Larva moves and turns inside 
the aphid skin, the silk glands bang in action and the larva uses their excretion when 
constructing the cocoon. Movements of the larva inside the aphid skin are made 
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Kg. 227. Development of Aphidtus megourae. E - instar IV larva, killed host, F - mstar 
IV larva, beginning of mummification, G - ditto, from beneath, H - ditto, mummifi- 
cation, movements of the larva. 
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Fig. 227. Development of Aphid, in megourae. 1 - mummified aphid from beneath, 
J - mummified aphid mounted on the surface of stem, K - pupa, taken out of the 
mummy, L — emerging adult parasite. 




Fig. 227. Development of Aphidius megourae. M - empty mummified aphids after the 
parasite adult’s emergence, N - adult parasite, 


possible by the structure of its cuticle which bears small tubercles. The cocoon consists 
of several layers of silk, which are spun gradually on each other. 

b. Mode of cocoon spinning. According to this the parasites are divided into the 
following groups: 

The first group includes species where the larva spins the cocoon inside the skin 
of the parasitized aphid. This group is the most numerous (Figs. 227, 229-231). 

The second group is characterized by the free separate cocoon, which the larva 
spins under the mummified aphid, the empty larval skin being situated at the top 
of the cocoon as a result (Fig. 232). This group is obviously derived from the original 
one mentioned above. We can recognize this easily from the comparison of the 
occurrence of both types among the aphidiids. While the first group is common, the 
second group includes only two genera, Praoti and Dysentuhis, which are closely 
related to each other, Praoti being more primitive. However, both genera are related 
to Areopraon and species of the latter genus spin their cocoons inside the parasitized 
aphid (Fig. 231). In P raon the cocoon is spun in a homogeneous way (Fig. 232), 
while in Dyscrituhis a separate somewhat thicker margin can be distinguished, the 
rest of the cocoon being spun more feebly (Fig. 228). 

The third group has recently been recognized by Dr. zouuamis (paper in prepa- 
ration), who found a parasite (new genus?) of Aphis /abac in Greece to pupate in a 
different manner from the other parasites known. The last instar larva spins a separate, 
subglobular dark cocoon with a rough surface, while the aphid skin seems to be 
attached to any part of the cocoon whatever. 

c. Appearance of mummified aphids. The spinning of a cocoon inside the host’s skin 
influences the appearance of such a host considerably. The host skin becomes in- 
durated, the segmentation is less distinguishable, if at all. The aphids are mounted 


Fig. 228. Drcpanosiphutn platanoidts on Acer pscudoplatanus. Cocoon of Dyscntulus 
planinps with alated aphid skin mounted on its top. 

fig 229. Aphis spiraephaga on Spiraea sp., mummified by Ephedrus plagiator. 


to the surface and their peculiar or “mummified” appearance as we call this makes 
them easily distinguishable in an aphid colony. 

The aphids which arc parasitized by Pram or Dyscritulus do not exhibit such 
features. This is obvious from the fact that they arc not indurated but remain only 
empty as the cocoon is spun underneath the host skin. 

d. Fixation of mummified aphids to the substrate. Before the larva spins the cocoon, 
it aits a hole at the ventral portion of the aphid skin and mounts it to the substrate 
by the excretion of silk glands (Fig. 227). A small flat disc appears on the ventral 
surface of the parasitized aphid in consequence, which can be observed when the 
mummified aphid is carefully removed from the surface and put on its dorsum. When 
such a removal is made early in the cocoon spinning period, we can see through this 
semi-translucent disc the movements of the larva inside the aphid skin (Fig. 227). 
In some unusual eases, there is no fixation of the mummified aphid to the surface at 
all. Tim was observed in quiescent cocoons of Ephedrus persicae and Monoctonia 
p/rfjdarro/j. In the former species, this could be due to the occurrence of the cocoons 
inside the leaf-curlings, in the latter speaes due to the occurrence inside the galls; 
both the environments obviously make the fixation of the quiescent cocoons un- 
necessary. 


c. Coloration of mummified aphids. There arc two aspects of the coloration of 
aplud mummies: we must dntinguish the specific coloration and changes m colora- 
tion of the mummies due to their age. 

The coloration of mummified aphids is spcafic. Ephedrus and Pseudephedrus 
(figs. 229. 220) are responsible for a black coloration of mummified aphids, which 
is a generic dimeter. Aphids mummified by most of the other aphidndi are white 
yellowish to yellowish brownish or dark brown to almost black. The cocoons of 
spec.es are wlm.sh to >eHow,,h or yellow brown.sh. Cocoons of Dyseritulus 
are translucent, w tth the external endurated portion w hmsh to yellowish (fig. 228). 

U.mg the differences m the coloration of mummified apluds, we can cveri some- 
imes recognize the parasite, penes which arc represented m the colony: for example, 
nparasm XT.'up *'*ue ■*-* penes, the ahstnihu cocoons are w hite-) etlow ish. 
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Fig. 230. Neclizerius sp. on Nectandra reticularia, munimifieci by Pseudcphedrm 
ncotropictihs. 

Fig. 231. Schizoncura lanuginosa inside the gall on Ulmus sp. Aphids mummified by 
Areopraon lepelleyi, mummies with emergence holes. 

with a separate cocoon beneath the aphid skin; the aphids mummified by Ephedras 
eampestns are black, those parasitized by Aphidias abswthii or Trioxys ccntaurcae are 
brown to dark brownish. 

Besides the peculiarities in cocoon coloration, we can observe the changes in 
coloration of mummified aphids in dependence on their age. The freshly mummified 
aphids, as soon as they become fully mummified, exhibit specific coloration. When 
they come of age, changes in their coloration are observed: the black mummies 
become black-greyish; the dark brown mummies become brownish; and the 
brownish or yellowish mummies reach almost entirely yellow-whitish to a whitish 
colour. 

f. Surface of mummified aphids. The surface of a mummified aphid depends on the 
host aphid species which was mummified.However, due to the mummification of the 
aphid, especially if the cocoon spun inside is darker or black, the waxy covers of the 
aphid become more apparent. This phenomenon may be important when we have 
to distinguish mummified aphids belonging to several species that occur on the 
same plant and are similar when observed by the naked-eye in the field (e.g. Hya- 
loptents prtnii, Phorodott humuti, Myztts persicae, Bradiycaudus cardni, Brachycaudus 
helichrysi, etc., on Prunus species in spring in C. Europe). 

Under certain circumstances the surface of mummified aphids may be secondarily 
changed. We omit such changes as the gradual break of legs, antennae, etc., of the 
aphid skin which are common, due to slight mechanical injuries, rain, etc. The 
typicals econdary changes of 3 mummified aphid surface can be observed in Prot- 




apliidtus wissmannii: this parasite attacks and mummifies us host, the Stomaphis - 
species, in the usual manner. But the Stomaphis aphids are attended by Lasius ants and 
these ants exhibit somewhat unusual relations to the mummified aphids: they rubble 
the aphid skin and the true globular cocoon of the parasite remains free as a con- 
sequence of this action (sec: ant-aphid-parasite relationship). 

g. Non-quiescent and quiescent cocoons. Under certain circumstances, the larvae 
spin peculiar cocoons which differ from the normal cocoons. Quiescent states, es- 
pecially obligatory diapause states, seem to be responsible for the induction of changes 
in the activity of the last instar larvae. 

- prepupa. The prepupa is a motionless state which lies passively inside the cocoon. 
There is, however, great activity inside the prepupa connected with the transforma- 
tion of larval tissues. 

- pupa. The pupa is of the exarate type. A fresh pupa is whitish, gradually the 
separate body parts and regions become dark in accordance with the adult coloration. 
Ejcs become pigmented first, being followed by the coloration of legs, antennae, 
head and thorax, while the abdomen bears the pupal character for the longest time. 

From the ecological point of view, the pupal period may be considered as an 
intermediate state between the parasitic period of hfc and the period of free life of 
the adult: the pupa is still deposited inside or under the killed host, but there is no 
direct host influence on the pupa itself as the parasite pupa does not feed and exhibits 
its own respiration; however, the pupa is st.ll influenced by the parasitized aphid in 
an indirect way as the living parasitized aphid is partially responsible for the trans- 
pom,™ of the pm.ee larva matde body Oa the other hand, the cx.cn.al 


environment may influence the pupa only through the cocoon or cocoon plus the 
host skin, inside which the pupa is situated (Fig. 227). 

- adult. The parasite adult aits a circular chink in the cocoon with its mandibles, 
presses out the central portion with its head and emerges. The central pressed-out 
portion forms the typical lid, which remains feebly attached to the margin of the 
emergence hole (Fig. 227). The larval skin and the meconium, which is represented 
by several dark corpuscles, remain inside the cocoon. 

According to the position of the emergence hole, we divide the aphidiids into 
four groups. 

Group T. All the apical portion of the aphid is cut by the emerging parasite, a 
small cap remains hinged to the aphid skin. The apical portion indudes the whole 
portion with the siphunculi, or the hole may be cut between them. Parasite genera: 
Ephedras, Psettdephedrus, Areopracti, Trioxys, Acatuhocaudns. 

Group 2. The w’hole apical portion of the aphid is cut by the emerging parasite, 
with a large cap remaining hinged to the aphid skin. This seems to be a similar mode 
of emergence as in group 1, however, the strongly spun cocoon seems to cause a 
somewhat different appearance of the apical cap. Parasite genera: Protaphidius, 
?iilouoctonia . 

Group 3. Emergence hole is in the dorsal portion of the mummified aphid, some- 
where between the thorax and the siphunculi. Usually, it is situated somewhat above 
the siphunculi. A circular hole is cut by the emerging adult parasite, the cut portion 
mostly or often remaining in a position forming a lid. This is the most common mode 
of emergence. Parasite genera: Paitesia, Xenostignms, Melaphidius, Diaeretus, Aphidius, 
Lysuphidns, Diacrctiella, Lysiphlebtis , Lysiphlebia, Menoctotius, Paralipsis, Lipolexis. 

Group 4. Emergence hole is in the lateral portion of the parasite cocoon, the 
aphid skin being mounted at the top of the cocoon. A circular hole is cut by the 
emerging adult parasite, the cut portion mostly or often remaining in a position 
forming a lid. Parasite genera: Proon, DyjaiJiiliu. 

The shape of the emergence lid depends on the position of the emergence hole, 
and similar groups can be distinguished among the aphidiids. In the first group 
mentioned above, the lid has the shape of a small cap, which is mostly’ formed by’ 
the apical portion of the aphid or at least its part. In the second group, the lid is in the 
form of a larger cap, because of the construction of the cocoon. In the third group, 
which is the commonest, the lid is only’ slightly convex. The same is true as to the 
fourth group (Figs. 227, 230). 

In the early post-emergence period the parasite adult spends a certain rime in 
cleaning itself, moving its legs and antennae, the wings become adjusted. The con- 
tent of the gut which is of a whitish colour, is excreted. 

The adult stage is the only stage in the life of an aphidiid parasite that enables it a 
truly free life; during this developmental period, a parasite individual must find a fa- 
vourable environment, a favourable host in this environment, find its mate or 
deposit progeny. 
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3°0, 301, 343, 374, 417, 438, 460, 478, 483, 485, 500, 535. 536. 571-9. 588, 591, 597. 
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Behaviour 


- diurnal rhythm. The adult parasites are active during sunny warm da) s. They 
run along the plants, fly, and search for a mate, host and food. The greatest activity 
can be observed late in the morning and in the late afternoon. The hot noon and 
early afternoon hours are spent in less activity. In cloudy, rainy and colder days the 
parasites are little active, sometimes almost inactive, sitting motionless on the lower 
side of leaves. Sensitivity to conditions of relative humidity' seems to be rather high. 
Adult parasites arc inactive during the night. 

Whether the movements along a plant are by' running or flying depends on the 
species, c.g., the adults of Praon abjectum were observed to fly very often, while 
Lysiphlebus /alarum preferred running. 

A period of warm sunny days following a longer period of cloudy colder days 
may cause an impression of a mass-flight of parasite adults (skripishinskij 1930); 
however, such a flight is due to the accumulation of parasites and inactive survival 
during the period of less favourable conditions. 

- PitOTOTAXis. Adult parasites, both *JcJ and $?, are positively phototropic. Nat- 
urally, their requirements as to light intensity arc specific. Some species need open 
spaces with sufficient ligh t, other species prefer semi-shaded undergrowth, some closed 
forest conditions, others occurring in forest ecotones, etc. 

- biological CONTROL. The knowledge of the diurnal rhythm of parasites is nec- 
essary in a parasite introduction program. The introduced parasites must be released 
on suitable days and on a suitable period of days in the new environments. Con- 
sequently, release of parasites is generally recommended to be undertaken during the 
morning hours or late in the afternoon, on bright, sunny and warm days. 

Positive phototropism of parasite adults may be successfully used in laboratory 
masv-rea rings, where the emerged parasites can be collected on the upper side of 
rearing cages near to the light. Various adaptations in rearing rooms may be devel- 
oped on this base. 

REFERENCES. 6j, 417, 459, 642, 679, 68l, 762, IOO3, lOOJ, 1022, 1062, 1101, 1125 . 
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Longevity of Adults 

General records on parasite adult longevity can be found in a number of different 
papers (ARTHUR, 1944 — AphiiJius a venae, bodenheimer & neumark, 1955 — 
Pauesia s p., griot 1944 — Lysaphidus plalenns, millan 1936 — Lysaphidus 
plat crisis SEDLAC 1964 — Diaeretiella rapac, SKRimniNSKJj, 1930 — Aphidtus avertae, 
EpleJnis pla * iator , tremblay. V ) 6 \— Lysiphlebus fabarum . etc.). Such data, how- 
ever, arc too generalized to be of use for detailed ecological studies. Such studies, 
as those undertaken by bboussal (i<*6), schlincer a hall (i960, 1961), force a 
MisiCNcn(l9ftt).«lACXOwsiu(i962),«c dearly documented the s.gmficance of the 
research of the requirements of parasite adults on environment. They have shown 
that longevity of adults, a specific phenomenon, u influenced by a number of various 
factors, and. simultaneously, represents an important feature of parasite biology'. 
-factors, i. Temperature «s the mam factor influencing adult longevity. Both 
low or too high temperatures influence it considerably (wiAacomu, 1962) as well 
as ovjposttion, mating activities, etc Detailed experiments of force a messenger 



(1964) made on Praon exoktimt and Trioxys complanatus showed that there was little 
difference in mean longevity between i 8.3°C and 2i.i°C, although a small per- 
centage survived for a longer period at a cooler temperature. Similarly, there was 
little difference between the overall survival timcat23.9°C and 26-7°C. However, 
a large difference between 2t.i°C and 2$.9°C suggests that some temperatures 
within this range greatly affect the physiology of the insect with respect to its long- 
evity. As to natural conditions, it is necessary to stress that temperature conditions 
fluctuate. Temporary unfavourable conditions can deeply influence the parasite 
adults, as observed by luziietzki (i960) in Asia, where temperature over +30°C 
caused mass-decline of Lysiphlebtts Jabarum adults. 

2. Relative humidity is rather important too. In experiments by wiackowski 
(1962) using Aphidm suu'dii in connection with honey as food R.H.had an increas- 
ed effect, with the exception of low (i.7°C) and high (32.2°C) temperatures. 

3. Photoperiod. Although we have no experimental records at hand, it is probable 
that the photoperiod influences adult longevity as well, as the adult parasites arc 
generally inactive at night, while their activity is apparently influenced by the 
length of the light period. Certain observations of this kind were carried out by 
broussal (1966) but the influence of photoperiod in this case could be obscured by 
the intrinsic differences between hibernating and acstival parasite generation, tem- 
perature and R.H. influence, etc. 

4. Season. Two points of view exist on the relation of season and adult longevity. 

First, there are differences in adult longevity in various seasons of the year due to 

different climatic conditions. In a temperate zone, the longevity of adults is longer 
in spring and in autumn as the temperature is relatively lower, while it is short during 
a hot summer, hafez (1961) found that in the Netherlands in early spring the mean 
longevity of Diaerctiella rapae was about two weeks, while it gradually decreased to 
one week under mid-summer conditions. 


However, broussal (1966) found that differentiation exists between various 
generations of D. rapae in France, when they are reared under the same conditions 
in the laboratory: when reared under an 11 hour period, 20°C and 80% R.H., 
the early spring generation longevity was 10 days for virgin 9 $ and 11 days for 
mated $$, while it was 1 1 days for virgin $9 and 13 days for mated 99 in the aestival 
generation. Apparently, the conditions under which the parasites must survive 
(hard winter, etc.) cause these differences. 

5. Various kinds of food are sometimes the cause of the prolongation of adult 
parasite longevity to a various degree. Some kinds of food are disregarded, others 
are accepted but longevity is only somewhat longer, others still are accepted and 
prolong the longevity in a rather significant way (see: Food of adults). 

Honey, a suitable laboratory food of parasite adults, was tested with respect to 
Aphidius smith! longevity m the laboratory by wiackowski (1961) : with probably the 
exception of i-7°C when honey was probably not ingested, at all the other tempera- 
tures the honey supply brought about a marked increase in the longevity of adults • 
io.o°C — 2.1 times, I5.6°C— 5.8 times, 2i.i°C— 4.8 times, 26-7°C— 4.8 times 
32.2°C — 1.5 times. 


6. Sex. Apparent differences in adult longevity in various temperatures with 
respect to sex have been recognized by various authors, SCHIWCEK 4 kail 
found that Si of Praon e.w/nnm showed generally greater longevity than the T, 
however, under certain temperatures there were almost no differences ffiv 
wiackowski (1962) recognized differences in 3 and 9 longevity in all the ra ' ' 

turcs studied the « hying generally longer than On the Z ™ 
found no differences in longevity of« and 9? fa DimMk rage.-. H ' " 



MAXIMUM LONGEVITY IN DAYS 



Y*g ; 233. Longevity of adults of Praan exoletum {= palilm,) vi „ ous combi- 

nations of conscant temperature and relative humidity and with honey as food source 
(SCHUNCER & HALT. i960). 


ever were obtained under fluctuating temperatures in the field and need experimental 
proot under constant temperature conditions as well. 

7. Host gives the parasite $ a possibility to oviposit and consequently decreases 
their supply of energy, wiackowski (1962) ascertained that « of Aphid, us smith i 
ivcd the shortest time m the presence of live aphids as the presence of aphids and 
™™™ S lay eggs and ,0 mcrease the activity: longer 

longevity of 5 ? wa, found m the absence of the hurt, while dd did not show such 
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8. Mating has a significant influence on adult longevity. This influence, however, 
is different in ?? and in do- broussal (1966) found that irrespective of generation 
mated $? showed greater longevity than virgin ??; (see p. 59) 

Although we have no detailed observations as to the influence of mating on a lon- 
gevity, it is probable that mating in do, due to the searching activity and copulation, 
will manifest a similar effect on the adult longevity as opposition in the ease of??. 
Consequently, dd will apparently live longer in the absence of ??. Indications of 
such differences were mentioned by v.D. bosch ct al. (1966) in Aphidius smith! in 
California, where do prevailed in wasps that accumulated during cool weather on 
the mid winter alfalfa crops. 

The above mentioned factors arc complex in action. However, we can distinguish 
various degrees of importance among them. Temperature and R.H. have a dominant 
role, while food seems to be a third one. Two examples may be mentioned to show, 
at least partially, the interrelations of factors mentioned above: Tests on the lon- 
gevity of Praon exoletum and Trioxys comphmatus in dependence on temperature, 
R, H. and food, undertaken by schlinger &. hall (i960), showed that both with 
and without honey, the longevity curve was about the same, but values were higher 
in the presence of food. 

Similarly, as ascertained by wiackowski (196a) in Aphidius smithi, with the 
exception of extremely low (r.7°C) and high (32.2°C) temperatures, the higher the 
degree of R.H., the greater was the effect of food. 

- Significance. The adult stage is the only free stage of the parasite during the 
development. Consequently, a great number of activities must be undertaken by the 
adults as the other stages are unable to do so: mating, reproduction, host finding, etc., 
are the obvious examples. 

Longevity represents one of the responses of the adults to environmental con- 
ditions. During their lifetime, adults must principally mate and find hosts in order 
to secure population existence in a given plot. Low temperature conditions prolong 
the life of adults, but they simultaneously correspondingly reduce the activity of 
adults; high temperatures, on the contrary, stimulate parasite adult activity, but the 
lifetime is shorter, the optimum lifetime seems to be one where the adults may 
realize all their biological needs in the most suitable manner. The optimum is 
relative in nature as a species must adapt itself to environment. Adults occur during 
a parr of the season under optimum conditions, but generally the conditions fluctuate 
both during a day or a part of the season, and, consequently, corresponding differ- 
ences are found in the biological activities of the adults. 

-biological control. i. Survival. Various species of parasites show different 
requirements on temperature conditions in an adult stage. These requirements also 
determine their microhabitat distribution. On the base of knowledge of temperature 
requirements of separate species, we can recognize the laws of their distribution in the 
release area and their probable further distribution. Such a difference between intro- 
duced species was established in parasites of Tljerioaphis trifolii in California, Trioxys 
complauatus, which preferred microhabitats with higher temperature conditions, 
while Praon exoktum occurred in microhabitats where temperature was generally 
lower (see: v.D. bosch et al., 1964, force at messenger, 1964). 

2. Seasonal changes. Observations have shown that there may be differences in 
longevity of various generations during the year. In addition, changing temperatures 
during the yearly seasons also influence adult longevity. Through the longevity the 
temperature conditions influence searching ability, opposition and mating activities, 
dispersal, etc., of the species. 

_ 3- In the mass-rearing of parasites, the knowledge of the responses of adult para- 



sites to the influence of various temperatures, R. H. and food enables us to control 
these conditions in the most suitable manner. This was practically demonstrated by 
FORCE n messenger (1964) and other Californian authors. 

4. Storage of adult parasites is an important parr of a parasite release program. 
As usually not such a number of parasites that lias to be released can be produced 
in an mscctary, the parasite adults are stored for a certain time. For example, staky 
(1964) showed that the adults of Aphidius ntegourac survived temperatures up to 
below o°C while — $°C were lethal. Experiments also showed that in 3 changing 
temperature of +5°C to — 5°C the adults, having been kept at + io°C later and then at 
+18 - 24°C can attack the aphids in about 15 minutes. The 22 used m experiments 
attacked aphids and laid eggs in -f 1 8 - Z4°C after having spent 14 days in +$ to — J C, 
20 eggs were bid and the progeny was normal, including both and 2?. 

Evidently, in this parasite, both eggs and sperm, also in the 2 spcrmatheca, can 
survive temperatures up to — j°C for at least a fortnight. However, as observations 
have shown (wiACKOWSKi, 1962 in Aphidius smith i), a too long cold storage can be 
detrimental as to the quality of sexual products of parasite adults. 

5. Although shipping methods arc mostly well elaborated, it is generally recom- 
mended to ship the parasite adults in such a period of the year when the temperature 
conditions arc neither too cold nor hot and thus would not negatively influence the 
shipped material. 

REFERENCES. 21, 98, 128, 130, Ij8, 417, 482, 497, 655, 1003, IOOJ, 1 020, 
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Food of Adults 

The aphidiids are parasitic during their development in aphids, their adults being 
free-living insects. This difference in the mode of life, which is just typical for all the 
patasitoids, is connected with different food requirements as well. The free life of 
adults is conditioned by other food sources than those of their larvae — the host 
body fluids. Although the adults may live for a certain time without food, food is 
necessary for their further occurrence. 

- Water is necessary for adult parasites after several hours of their post-emergence 
life. After they have emerged the adults may mate and also oviposit in case of mate or 
host presence, but they soon stop these activities and can be observed running ner- 
vously in search of water. Without water, they die rather soon after emergence, 
while a water supply enables them to survive for a minimum period, which can be 
prolonged by feeding on a suitable kind of food. Water and honcydew seem to be 
the main sources of food of parasite adults in nature. 

- Honcydew of aphids. According to the qualitative analysis of honcydew by 
Auclair (1963) it consists of carbohydrate constituents, nitrogenic constituents, and 
miscellaneous compounds. As to the carbohydrates, fructose, glucose and sucrose 
are the main kinds represented. Therefore, honcydew is a source both of carbohy- 
drates and proteins. The aphidud adults, when feeding on honcydew, satisfy both 
their carbohydrate and probably also protein needs and, consequently, they do not 
need to feed on their host through muttbtion. This is contrary to the opinion of 
miu-An (1956) who derived from the absence of host mutilation m the aphiduds that 
they do not need proteins during their adult life. 

bone> dew - Observations of various authors as well as our own 
observations have shown that there are obvious differences between fresh and dry 



Fig. 234. Aplildius erri adult feeding on honey. 


honeydew as food for parasite adults, spencer (1926) was perhaps the first who 
recognized that the parasites do not “milk” the aphids and eat the honeydew direct 
from them as some insects are reported to do, but lap it from the top of the lower 
leaves which often become varnished with the honeydew material dropped from 
above. We have observed that dry honeydew exclusively was fed cn by parasite 
adults, while fresh honeydew was omitted (Fig. 234). leius (i960) found that honey- 
dew is an important source of food and moisture for lckneumorud parasite adults 
especially in early spring and late autumn when flowering plants are scarce; however, 
in hot sunny summer dap the adults abstained from honeydew, possibly due to 
early fermentation and quick drying of honeydew. It is obvious from the comparison 
of these facts that the adults of some parasitic groups prefer fresh honeydew, the 
other groups preferring it to be dry. To the later group the aphiduds belong. Ap- 
parently, the consistency of honeydew is not significant as the aphidiids feed also on 
droplets of a honey or sugar solution, but the fermentative changes in dry honeydew 
are perhaps most important. 

A special kind of honeydew as food of parasite adults seems to be honeydew 
milked by ants and later supplied through regurgitation to Paralipsis enervis adults 
as the consistency of this honeydew is liquid. 

- Feeding on honeydew - The observations of various authors have proved satisfac- 
torily that the honeydew of aphids is the main source of food of parasite adults: 
spencer (1926) — various species, Arthur (1944) — Aphidius avttiae, gyorfi (1945) — 
various species, muxan ( 1956) — Lysaphidus platensis, sekhar (1957) — Lysiphlebus 
testaceipes andiVaon oguti, schunger & HAtx(i96o) — Praon exoletum, schunger & hall 
(1961) — Trioxys complanaius, sedlag (1964) — Diaereliella rapac, etc. We have ob- 
served adults of many species (Aphidius ervi, Lysiphlebus fabanim , etc.) feed on the 
dry honeydew of their hosts in the laboratory. 



hosts is necessary to obtain the protein needed for oogenesis (dolttt, 1964). This 
predation may be obligatory or facultative (flanders, 1953). Among the parasites 
of aphids a similar behaviour is known to occur in certain aphehnids, whose 
puncture the host aphid for nourishment and then they feed on the body fluids 
(wiLBERT, 1965). 

A similar predatism is unknown among the aphidiids. Although aphidiid $$ may 
often be observed to insert the ovipositor and not to lav eggs, tiiis behaviour is due 
to factors influencing opposition and is not connected with feeding on the host. 
As mentioned correctly by doutt (1964), the protein requirements in species that 
do not feed on their hosts may be supplied by feeding on honcydcw or on plant 
nectaries, both of which have been shown to contain free amino-acids. The above 
mentioned is supported by WIACKOWSKI (1962) in observations made on Aphiditts 
smithi, where the $ parasites did not feed on dissected Acynhosiphon piston either. We 
have obtained the same results in Aphiditts ervi (stary 1962). 

- Honey. Honey and water were found to represent the most suitable food of 
parasite adults in the laboratory. This kind of food was successfully applied by 
skriptshinskij (1930) — Ephcdrus plagiator, Aphiditts a venae, schlinger a hall (i960) 
— Proem exolctunt. , schlinger a hail (1961) — Trtoxys eomplanatns, iiafez (1961)— 
Diacrctiella rapae, stary {1962) — Aphiditts ervi , wjackOwski (1964) — A. smithi, etc. 
ST ARY (1964)— A. megourae, etc. 

Accorduig to our observations honey and water seem to be a kind of laboratory 
food applicable to all parasite species reared in the laboratory ( Aphiditts megourac, 
Praott abjeetum, Trioxys angelieae, Bphedrus plagiator, Lipolests gracilis, Lysiphlebtts 
fabarnm, Aphiditts erri, etc.). 

- Syrup. Syrup as a laboratory food of Diacrctiella rapae adults was used by 
broussal (1964). 

- Agar and other labor, itoryfoods. Various mixtures were used as food by various 
authors. Solutions of various carbohydrates arc the most common: subba rao a 
SHArma (1962) used 10% sucrose solution as laboratory food of Trtoxys ttidteus 
adults, sedlag (1964) used a sugar solution for Diaerctiella rapae. 

According to the observations of stary (1964) a glucose solution prolongs the 
parasite adult life to a certain degree, it was not, however, too suitable if compared 
with honey; on the contrary, dried glucose was apparently ignored by Aphiditts 
tncgoitrac adults as their longevity was identical as if only water was present. The ig- 
noring of dried glucose was also observed in A. ervi adults (stary, 1962). How- 
ever, glucose and water combinations were found more suitable than honey by this 
parasite. 

Observations of sekhar (1957) gave negative results as to the sugar solution as 
laboratory food of Lysiphlebtts testaceipes and Praott agitli adults. 

Agar and different proportions of sugar and honey as laboratory foods were used 
by various authors (hacen 1964. millan 1956). 

stary (1962) tried dried yeasts as a laboratory food of Aplndius ervi as a possible 
source of protein. The results were negative. 

- SEARCHING for FOOD BY adults. The food searching behaviour of parasite adults 
does not seem to be well differentiated from searching for host of the i or searching 
for the ? by 3 parasites. According to schljncer a hall (1961) ? Trtoxys contplanatits 
W’crc observed to walk with their heads down and palpi in contact with the leaf sur- 
face; consequently, the palpi are thought to be used in locating the hone) dew. This 
observation seems to be correct. We have also observed adults to palpate drops of 
honey before feeding on them (Fig. 234). However, in the presence of hosts and lack 
of W’atcr and adult food the parasites are observed to stop opposition and search in 



the neighbourhood ; their behaviour is identical as in the search for hosts or mates 
(antennal tapping), but they leave the hosts untouched in the case of tapping it. Thus 
we can suppose that the adults are searching for food. It seems that water or food is 
primarily searched for through the antennal tapping and consequent stimuli come 
through the sensory organs located on the antennae; the detailed search for adult food 
is realized through palpating thefood. 

- food OF adults with respect TO sex. Food requirements seem to be identical in 
both 99 and <J<J. In both sexes, stimuli due to the lack of food arc apparently of 
secondary significance in the early post-emergence life: 9 ? may oviposit and mate, 
(JeJ may search for 99 and mate without feeding. However, this is true only of post- 
emergence, as the adults soon interrupt oviposition, mate-searching, etc., and search 
intensively for water and food. Their post-emergent state is apparently possible due 
to the supply of water and food present in their bodies early after emergence. 

- factors affecting food acceptance. Food acceptance may be influenced pos- 
sibly by two factors which are overruling it in action: 

Low temperature may result in a greater or lower activity of adults which, con- 
sequently, feed very little. High temperatures may change the consistence of food 
(honey), so that it is not ingested (wiackowski, 1962). 

Investigations of the interaction of food and R.H. showed (with exception of 
temperature 35 0 and po°F) that the higher the degree of R.H., the greater the effect 
of food (wiackowski, 1962, Aphidtus smith!). 

- significance. Adult parasites can survive considerably long periods under various 
temperature conditions in case of the absence of mate or host. Although the mini- 
mum period of occurrence is due to the supply of energy from the pupal period, at 
least water is necessary if longer periods have to be survived. 

-Longevity. Food is one of the basic factors determining the longevity of parasite 
adults (sec below). Although temperature is the most significant factor, the presence 
or absence of food is responsible for the nlative difference in values. 

- Fecundity. The presence of food is one of the factors influencing the parasite 
reproductive capacity through longevity and supply of energy. 

- Oviposition. A 9 can oviposit for a certain period after emergence, but water and 
food is necessary in the case that oviposition is to be continued for a longer period. 
However, it is not clear yet whether food is accepted as a source of energy or whether 
it is of direct importance for egg production. 

- Mating. Newly emerged adults can mate without accepting food. But multiple 
matings in <?c? arc apparently conditioned by the presence of food sources. 

- Attendant. Honeydcw as a source of food of adults may also play a role of an at- 
tractant of the parasites to an aphid colony. 

- BioiocicAL control. It is known that adult food of a number of insect parasites 
is searched for by parasite adults at other places than on the place of the occurrence of 
the host. The distribution of such groups often depends on the presence of adult food 
— in case of its absence the parasite is unable to occur in the place even if host were 
present. The attachment of various ichncumomd groups to flowering plants can 
serve as an example. 

Contrary to the parasite groups mentioned above the aphiduds feed on the honey- 
dcw of their hosts and they do not require special sources of food such as flowering 
plants, etc. Their occurrence and that of their hosts is identical in this respect. 

- Secondary importance of food stimuli. Parasite adults are able to oviposit and mate 
without feedmg on water and honeydew m a certain period of their early post- 
emergence life. This is a rather important phenomenon as it enables the parasite to 
produce a part of its progeny in the given host-population and to secure survival in 
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the given area even in absence of food; however, the source of adult food is con- 
ditioned by the occurrence of the host. 

- Other crttotuophagoiis insects. Honcydew is not the food of aphid parasite adults 
only. Many other parasitic and predatory insects feed on it as well, zoebelein (1956), 
listed 246 honeydew feeding insects, including obligatory feeders such as ants, or 
facultative feeders such as adults of tachin flies, ichncumotiid flics, btaconids, syrphids, 
coccinellids, etc. Consequently, honeydew is an important source of food of quite a 
number of useful insects, not to speak of its significance in apiculture. Economically 
indifferent aphid species namely might be important in this respect, representing 
either alternative hosts of aphid parasites, or indirect sources of food of the adults of 
aphid and other parasites and predators. 

- Laboratory foods. As the food influences the longevity, opposition, etc., it has a 
great significance in mass-rearings of the parasites. Various media were used in ex- 
periments, but it seems that honey and water are the best of them. Although they 
represent a food that cannot be obtained by parasite adults in nature, honey is widely 
used in the mass-rearing of various parasite species. This feature of parasite biology 
can be used in various experimental studies where the absence of host is required. 
In shipping techniques, too, where simultaneous shipping of the host is mostly ex- 
cluded due to its rather short longevity and difficulties connected with the growing 
of plants, the parasites are sometimes shipped as adults or they may emerge from the 
shipped mummified aphids during transport; the presence of suitable laboratory 
food enables their survival for a considerable period, and consequently, better results 
are obtained as to the number of living specimens shipped. 
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Mating 

The aphidiids indude mosdy biparental spedes. For this reason mating is a normal 
and necessary par t of the life-cycle of each parasite species . 

Swarming as a mating habit is known to occur in many insects, in bracomd wasps 
as well (Blums spedes). steifox (1957) described a mass-flight of Ephedras validtis from 
Ireland. Mass-occurrence of Lysiphlebus testaceipes was mentioned by Webster & Phil- 
lips (1912) and others. However, it must be stressed that there is a basic difference be- 
tween swarming and mass-flight. Swarming is characterized by mass-occurrence and 
typical swarming flight and is a typical behavioural pattern. Such a pattern was not 
observed among the aphidiids. The mass-flight of aphid parasites is not a behavioural 
feature, but it is a consequence of high density of host aphids and a high percentage 
of parasitization. Naturally, mass-flight of emerging parasite adults provides better 
conditions for both sexes to meet. 

- premating PERIOD. The interval between the emergence and mating — the pre- 
mating period — is of various length in the aphidiids. In most spedes, mating may 
take place almost immediately or soon after emergence : Aphidius aveitae : skriptshins- 
K1 J> ( 1 93°). macgill (1923); A. smith! : wiackowski (1962); Diaeretiella rapae: haeez 
(1961) ; Lysiphlebus fabarum : luzhetski (i960) ; Pauesia sp. : bodenheimer & neumakk 
(i955); Praott exoietiun : schlinger &. hall (i960); Trioxys complanatus : schlinger & 
hall (1961); Tr. indiais (1962), etc. 



In Aphidnis smith}, the premating period under 25°C lasted 3.5 min. depending on 
air temperature and activity of<Jd (wiackowski, 1962). 

Other species require a longer time before being able to mate after their emergence. 
sekhar (1957) experimentally ascertained on the basis of 3 hours observation made 
on parasites, that of 50 pairs of Praoti aguti no mating occurred within the first hour 
and a half of observation, but more than 20% of the pairs mated within the next half 
hour (25-3 s°C, 75-86% R.H.). 

- mating behaviour, i. Virgin female behaviour. A virgin 2 is entirely passive as 
to the mating activity until it is found by the <J. As opposition may take place with- 
out mating it seems the searching for the host and opposition arc the main and 
prevailing stimuli acting in a ?’s behaviour, while mating behaPour must be stimu- 
lated by the presence and activity of a <J. Virgin $2 apparently produce a certain 
characteristic odour that causes them to be found by the dd. 

2. Searching behaviour of male. A <J searches for a 2 by running and flying. The 
prevalence of running or flying is specifically dependent. A d detects the presence of 
a Prgin $ by odour. Experiments undertaken by several authors represent a satisfac- 
tory proof. SUUBA RAO & S HARM A (1962): Tnoxys }tldl(US. SCHUNCER & HALL (i960): 
Preion exoletum. <J<J were found to detect the 2 presence apparently by odour, how- 
ever, in no ease was the d able to detect the virgin 2 while she was in her cocoon, 
even just prior to her emergence. 

3. Act of copulation. As soon as the d comes in the presence of a 2 and sensory 
contact is made, he exhibits great excitement which can be recognized from his 
running around, movements of antennae and characteristic vibration of wings. 
Antennal tapping is then usually exchanged between the d and 2 . Attempts of the d 
to mount the 2 follow. At this stage the 2 sits quietly with her wings on her back, 
while the o vibrates his wings rapidly and taps the 2 quickly with his antennae. This 
behaPour continues unchanged during the copulation act, which is started by thed 
in bending the hind region of the abdomen downward and meeting the sex organs 
of the 2 . Copulation is mostly terminated by the 2 . In case the 2 moves away before 
died was able to mount her, lie follows her, tapping her by his antennae and trying 
to mount her. The length of the copulation act is different in separate species: 

Aphid, us ervi : about 40 see., start (1962); Aphidnis smithi: 1 5-80 see., wiackowski 
(1962), etc. It is necessary to stress that to be successful the copulation act must last a 
minimum time, otherwise the copulation is unsuccessful and the 2 produces un- 
fertilized eggs exclusively, wiackowski (1962) gives 13-80 see. to be the range of the 
lasting of the copulation act ; however, 1 j-23 see. were ascertained to be unsatisfactory 
for a successful copulation. It is probable that a similar situation occurs in other 
parasite species too. 


4. Post-copulation behaviour. After the copulation act is completed the 2 usually 
remains quiet for some time, or it cleans itself or runs a little. 

While the d exhibits the same t> P c of mating behaviour to ocher virgin 22, the 
mated 2 basically changes its behaviour and refuses to be mated for the second time 
by a d (see below) Opposition may or may not follow after mating is finished, the 
presence of a suitable host being a necessary condition. 

— r ACT t ibs t. Synchronization of emergence of males and females. There is ap- 
parently no synchronization m the emergence of V? and dd in the aphiduds. This 
feature seems to be due to the effect of factor, that influence the oviposit, on of S'?. 
As a result, both sexes cnipge independent!, of each other as to time. 

ami ,, m , , C A on f c matcd * arrarcntls loses its characteristic odour 

ti art „ incom ' c us bcluvTour Under certain conditions, the copula- 
t.on act mas be incomplete, or a soung s,rg,„ . be mated b> an old 3 whose 



supply of sperm is very low. However, the 9 cannot be mated more successfully for 
the second time and male progeny is consequently produced due to the lack or low 
supply of sperm in the $'s spcrmatheca. 

3. Opposition. According to the observations of vevai (1942) on Aphidtus matri - 
came, and of subba rao a- SHARMA (1962) on Trioxys itidicus, 00 arc unsuccessful in 
mating virgin 9? which had already commenced ovipositing parthcnogenctically, 
the 59 actively resisted the attempts of the do to copulate, as did mated 59. This 
means that opposition which occurs earlier than mating prevents the mating of a 
virgin $ if the dd later appear. 

Unfortunately, there is lack of information on this feature in other apludiids. If it 
would be a general feature of parasite biology, its importance would be obvious with 
respect to the relation of host and parasite densities, searching abilities of $9 and dd. 
etc. 

4. Searching ability of males. As mentioned above, no mating is possible in certain 
species if opposition precedes mating. The searching ability of do is therefore im- 
portant. The dd must search for the 99 quickly to find them before they begin on- 
positing. 

5. Number of matings in males. The gradually higher number of matings causes 
the simultaneous exhaustion of the d and this results in a lower quality of mating 
(see below). 

6 . Length of the copulation act. Various stimuli may cause an early break of the 
copulation act. Consequently, mating may be classified as incomplete. For example, 
wiackowski(i962) observed mating in Aphidius smtthi to be completed in 15-80 see., 
but when copulation was limited to 15-25 see., onlyd progeny was produced; prob- 
ably the period was too short to transfer the sperm to the 9’s reproductive system. 

7. Temperature. Both too high and too low temperatures may prevent the mating. 
Temperature at or above 35°C caused adults of Lysiphlebus tcstaceipes or Praott agtitt 
to fly restlessly about and no mating took place, a decrease of temperature brought 
about an increase in the number of matings (sekhar, 1957). 

It may be generally observed in nature that m sunny and warm days the parasites 
are rather active, both as to mating and searching for the hosts, while adverse weather 
conditions cause a decrease of their activity. 

8. Age of female and male. It seems that generally the most favourable time for 
mating is the first 24 hours after emergence. Later, the sexual instinct seems to be 
gradually lower, wiACKCrwSKl (1962) found that it is only rarely that the ? Aphidius 
smithi would mate two days after emergence, while copulation was never observed 
on the third day after emergence, despite the great activity of the o c?. According to 
vevai (1942) the sexual instinct is lost earlier m the 99 than m the (Jo in A. matnemae. 

The age of the 3 , although it may copulate during its lifetime, conditions the 
length of the copulation act and the interval between the matings (schlinger & hall, 
i960, 1961). 

9. Food. SEDLAG (1964) ascertained that mating is possible also in case of lack of 
preceding feeding. The presence of food, however, appears to be essential to multiple 
matings (wiackowski, 1962). 

10. Sex ratio. A too low number of (J<J and high proportion of 9$ apparently cause 
the occurrence of many unmated 99 in a given plot. 

11. Population density. Low density of host population forces the 99 to search for 
hosts for a longer time and this gives the 3 a better chance to find the 9 before it com- 
mences to oviposit. On the contrary, a high host density enables the 9 to start ovi- 
positing prior to being mated. 

12. Photoperiod. As is apparent from our numerous reared samples taken in the 



field, the mated 59 in biparcntal species on be found throughout the whole season. 
Detailed observations were made by brouSSAL (1966), who found mated and virgin 
9 ? to occur both in early spring and acstival generations of Diaretiella rapae in France. 
The photoperiod, therefore, does not seem to signifiontly influence the mating. 

- HUMBER of matings in females. Numerous observations of various authors agree 
in that there is only a single mating in 59 during their lifetime: sekiiar (1957) — 
Praon aguti; wiackowski (1962 ) — Aphidius smithi; stary (1962) — A. ervi; stary 
(1964)— A. megourae; schlincer & hall (1960) — Praon exotetum; schlinger & hall 
(1961 ) — Trioxys complanatus, etc. 

flanders (1946) separated the parasite $9 into two groups in dependence on the 
number of matings: multinuptia! species mate several times during their life, while 
uninuptial species mate only once in their life. Became of the features of the biolog)' 
of the aphidiid wasps, all the biparcntal species of aphidiids must be classified as 
belonging to the uninuptial group. 

- number of matings IN male. MULTIPLE MATiNcs. Contrary to 59 , multiple matings 
seem to be normal in d<J. The matings may take place during one or several 
days. 

Various authors mentioned the number of multiple matings in different species as 
follows: 

Aphidius matricariae: 13-18, vevai(i942); Lysiphlebus tcstaceipes: 19, sekiiar (1957). 
etc. The number of matings is apparently conditioned by the presence of food 
(wiackowski, 1962) and by temperature conditions (tremblay, 1964). 

-influence of mating on female, i. Odour. Mating apparently causes the loss of 
odour which is typical of virgin 59 . This loss of odour prevents the mated 9 from 
bring detected by <?<$ unless they accidentally come into physical contact with her 
(sciilincer & hall, i960, Praon cxolettm 1; schlincer & hall 1961, Trioxys complanatus). 
Besides the active repelling ofdcJ, mentioned below, this loss of odour seems to be a 
passive adaptation of a mated 9 to prevent further mating. 

2. The behaviour of 99 changes matkedly in dependence on mating. This feature 
may be commonly observed in all the aphidiid species and has been mentioned by 
various authors. 


A virgin 9 does not resist the attempts of a d to copulate, corresponding behaviour 
being observable. This behaviour of the 9 strictly changes after it is mated as it 
actively repels ad. schlincer * hall (i960, 1961) made detailed observations on this 
changed behaviour due to mating: in Trioxys complanatus, when dd were placed 
with recently mated 99 . they were always discouraged from mating. The 9 cither 
ran away or bent its abdomen under so that copulation could not take place; a rather 
common act of discouragement on the part of the 9 was one of striking at the d 
Wt im rT Similarly, in Praon exoletum, the <Jd bring placed with recently 
mated 99 , when the d attempted to copulate, the 9 inevitably discouraged him by 
mosnng away, or by pushing him offher back with her hind legs; if the d persisted, 
the 9 would bend her abdomen down, thus preventing copulation. 

A f C f. rdl ? S to °b* ervat iom of BROUSSAL (1966) made on Diaaeticlla 
[h™ bT adu ! 51tcd Jwgevity than virgin 99 . irrespective of whether 

they belonged to spring or aesttval generations. 
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- influence of mating on male. i. Gradual exhaustion due to successive matings. 
Observations of several authors have shown that successive matings cause gradual 
exhaustion of the given 3. This exhaustion may be found in the gradually lower 
supply of sperm. A gradually' lower supply' of sperm means that it is sooner exhausted 
by the 9 and a higher percentage of 3 progeny may consequently be found in its 
progeny' (see: progeny' and sex ratio). As examples AphiJius matricariac (vevai 1943), 
A. smithi (wiackowski 1962) might be mentioned. 

Furthermore, gradual exhaustion due to successive matings may' be recognized 
from gradually longer intervals between the separate matings. This was observed in 
Praon exotetum (schlinger & hail i960). Trioxys coniplanalus, however, exhibited 
equal intervals between the successive matings (schlinger a hall 1961). 

A third result of successive matings may be seen in the relative length of separate 
matings. In Praon exoletum, according to observations of schlinger a hall (1960), 
the length of separate matings was gradually longer: in the 3 which gradually' mated 
10 different virgin 99, the first union lasted 15 sec and the 10th union lasted 24 sec. 
On the contrary, the length of separate gradual matings was found to be gradually 
shorter in Trioxys complanaius (schlincer a hall 1961) : in a single 3, the length of 
mating with the first virgin 9 was 12 sec, while it lasted merely’ 3 sec in the case of the 
ninth 9. 

Finally, longevity of 33 seems to be also dependent on the degree of their mating 
activity and corresponding exhaustion. 

2. Copulation attempts male — male. Parasite 00 of various species, in laboratory 
rea rings namely’, may commonly* be observed trying to ‘'copulate” with another 
3. Apparently the copulation instinct is stronger than that of distinguishing a 9. 

According to the observations of sekhar (1957) made on Praon aguti, such a case 
occurs when one of the 33 has just finished a successful act of copulation. The remains 
of the female odour would seem to cause the stimulation of other 33. resulting in 
copulation attempts, the search for $ odour being again the primary stimulus, over- 
ruling that of the corresponding behaviour of a virgin 9. 

3. “Simultaneous” matings. If a higher number of parasite 33 is present, a 3 can 
be observed to mount a 9 and copulate normally, but another 2 - 3 33 mount the 
first o and try to copulate as well. Although only a single 3, the first one, is actually 
copulating, the whole group of 33 appears to copulate simultaneously before being 
examined in detail. 

- partheno genetic POPULATIONS or strains. In thelyotokous populations or 
strains there is a total absence of 33, so that there is no mating problem at all. In 
deuterotokous populations, however, a certain number of 33 can be found among the 
9 progeny. Although no detailed information is at hand, it is not clear whether such 
33 even exhibit mating activity', or whether they* have any role in a $’s behaviour 
or not as the deuterotokous type of reproduction means the occurrence of 33 to 
have an accidental character. 

- biological control. There is no surplus 3 problem in the aphidiids owing to 
the mated 9’s behaviour. As mentioned earlier, the mated 99 lose their typical odour 
and this prevents them from being found by the searching 33, except for accidental 
meetings; further, they* actively repel the searching 3 and refuse to be mated for the 
second time. Consequently', a surplus sperm supply with corresponding influence 
as to the 9 action cannot be observed. A too high number of 33 may perhaps cause 
certain difficulties in laboratory mass-rearings as the 33 searching for 99 may stimu- 
late the host aphids present; in certain cases, such as in Acyrthosiphon pisum, the aphids 
can stop feeding, fall down from the plants, etc., and this repeated stimulation may 
result in poor quality of host aphid rearings. 



In certain aphidnd species dcuterotokous or thclyotokous populations may be 
found in various parts of their distribution area. The above mentioned review of 
factors discloses a certain number of disadvantages. These disadvantages can be seen 
also if the parasite species arc used as biological control agents, Parthcnogcnctic 
populations or strains of parasites do not exhibit such negative features and selection 
of such races has to be kept in mind in a parasite introduction program. 

REFTRLNCES. 23, 98, 294, 354 , 3*4, 486, 497, 679, 681, 762, 1003, 1005, 1022, 1023, 
1039, 1062, 1101, mi, 1121, 1125, 1142, 1158, 1231, 1254, 1285, 1295, 1299. 


Progeny 3 Sex Ratio 

Progeny and sex ratio represent one of the important phenomena for the under- 
standing of the effectiveness of the aphidnds under various conditions. Sex ratio is a 
dynamic phenomenon, one of the results of the influence of environmental condi- 
tions on the parasite species. These relations of the species and the environment are 
often rather complicated. 

- TYPrs OF reproduction. Aphid parasites arc members of the Hymcnoptcra, 
which arc characterized by the parthcnogcnctical type of reproduction. We can 
distinguish three groups of parthcnogcnctic reproduction in the parasitic Hymenop- 
tcra, 1 c, thclyotoky, dcutcrotoky, and arrhenotoky. All these types were also 
ascertained in the aphidnds. 

- Arrhenotoky -The eggs can develop either parthenogenctically or zygogenctically, 
depending upon the occurrence of fertilization. In these eases the fertilized eggs arc 
diploid and give rise to $?, whereas the azygotes from unfertilized eggs are haploid 
and arc i 3 £. In the arrhenotokous species the arc normally biparcntal and the 
arc uniparental (doutt, 1959). Besides its common occurrence as a result of the un- 
mating of the ?, arrhenotoky can also take place due to opposition before mating, 
unsuccessful mating, higher age of the ? and temperature conditions (high or low 
temperatures, cold storage, etc.). 

Arrhenotoky is a phenomenon that has been ascertained widely, as occurring in 
the aphidiids, by various authors: Aphid, us ervi (stary, 1962), A. me^omae (stary 
1964), A. smith: (wiackowski 1962), Diacreticlla rapae (iiafez, 1961, broussal 1962, 
sedlac 1964). Ephedrus pcrsicac (stary, 1962), Lysaphidus plate, sis (millan, 1956), 
Monoctonus crepidis (criffitiis, i960), Praon exoletum (schlincer & hall, i960), 
Tno'cys tomplanatus (schlincer & hall, 1961), and others. 

-Dcutcrotoky -is characterized by the occurrence of exceptional^. Here again the 
individuals arc all uniparental (doutt, 1939). Deuterotoky seems to be relatively 
rare among the aphidnds. The only ease known seems to be that of Lysiphlebus 
Jabarum m C. Europe (stary, 1966) 

- Thclyotoky - or obligatory parthenogenesis, is characterized by the presence of 
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Obligatory thclyotoky is mentioned as causing changes in the anatomy of the 
reproductive organs. For example, rcccptaculum seminis is reduced (volkov 1959). 
A detailed anatomical study of thclyotokous aphidiids has not vet been undertaken. 
- Unclear eases - Webster (1909) and later whiting (1918) mentioned that ?? may 
occasionally be found among the 6 progeny of virgin £? of Lysiphlcbtis testaccipcs. 
These observations must be put to question as snaiAR (1957), working with the 
same species, did not have similar findings. 

~ Geographic distribution. Arrhenotokous reproduction is characteristic for the 
aphidiid group, occurring throughout the complete distribution area of the group 
while thclyotoky and dcuterotoky arc phenomena that seem to be typical for certain 
strains, races or populations. For example, Ephedras persicae is an almost cosmopolitan 
species, which is palacnrctic in origin. In Europe it is an obligatorily biparcntal 
species and a similar situation seems to occur 111 C. Asia. In the Ncarctic region, as 
far as it is known, 36 arc recorded only from Canada, while the species is thclvoto- 
kous in California. In Far East Asia it is a thclyotokous species (stary a schlinger 
1967). As another example Lysipfilefms fabanrn may be mentioned. This species is 
biparcntal and dcutcrotokous in Europe and C. Asia (stary 1965, 1966), while it is 
thelyotokous in Israel (rosen 1967). Similarly. L.antbiguus is biparcntal m Europe 
and C. Asia, but it is mentioned to be thclyotokous in Israel by rosen (1967). 

- Phytogeny. If all the groups arc dealt with there is no doubt that arrhenotoky is 
a preponderant type of reproduction. It is, therefore, a type of reproduction that has 
been typical for the groups during its evolution. The occurrence of thelyotokous 
and dcutcrotokous populations, races or strains, which can mostly be found m 
widely distributed and widely specialized species, seems to show certain develop- 
mental trends. The reason as to why they have appeared has not yet been satis- 
factorily explained as simultaneously with such thclyotokous or dcutcrotokous 
species, there occur other parasite species of normal biparental reproduction. Con- 
sequently, we cannot derive the first mentioned type of reproduction as being typical 
of a climatic zone or aphidiid group. 

- Aphids and parasites. Aphids exhibit quite a number of types in reproduction, 
which may be simple to very complicated. Sexual and parthenogenctic progeny 
often alternate. In the temperate zone, a parthenogenctic type of reproduction is 
typical of the favourable period of the year, while the winter is spent in the egg 
stage. Moreover, climatic changes in the past have influenced the original life- 
cycles of the aphids and we can find todav various populations exhibiting different 
types of reproduction in various parts of the distribution area of the species. Further, 
it is typical of the aphids that sexual reproduction is reduced m the tropics, where 
parthenogenetic progeny exclusively may be found. 

Contrary to aphids, the aphidiid parasites show their own features. These features 
only stress the taxonomical difference of the parasites, which is just typical in adult 
stage. Reproduction in the parasites is one of the characters that clearly shows us 
the difference between host and parasite groups and restricted significance of phylo- 
genetic parallelism. The aphidiids, in general, are arrhenotokous. There are no 
seasonal alternations of sexual and parthcnogenetical progeny in the parasites. Thely- 
otoky or deutorotoky are on a level of races to populations. With respect to their 
North-south distribution, the parasites do not exhibit changes of an arrhenotokous 
type of reproduction; arrhenotoky can be found both in temperate and tropical 
regions. 

-sex ratio. Sex ratio is a dynamic phenomenon. It is determined through the 
peculiar mechanisms of the parasite 9, which respond to the stimuli of extrinsic 
factors. 



The majority of records which may be found in the literature and those based on 
occasionally or seasonally taken field or laboratory samples show general data on the 
ratio of 99 and 33. Such general data do not reveal any mechanisms of the sex ratio 
regulation nor the factors that influence it. 

Arthur (1944 ) — AphiJius avettae, slight preponderance of 99 in field samples; 
beirne (1942 ) — Praon volitate, slight preponderance of 99 in field samples; boden- 
heimer & neumark (1955 ) — Pauesia sp. t equal numbers ofdd and 99 in field samples; 
DUNN(t949 ) — AphiJius avenue, slight preponderance of cJ<J; hafez (1961 ) — Diaeretiella 
rapae, slight preponderance of 99 throughout the season; milean (1956 )— LysaphiJtts 
platensis, preponderance of 99 : schlinger, hagen & v.D. bosch (i960 ) — Trioxys 
palUJtts, sex ratio I : i ; start (1964 ) — AphiJius megourae, sex ratio 2: 1 in laboratory 
rearings; st ary (unpublished) — Lysiphlebtis testaceipcs in Cuba, sex ratio 2:1 in 
various field samples. 

-Mechanisms. According to flanders (1946, 1952; doutt 1939) the spermatheca 
becomes a sex changing mechanism when it contains spermatozoa. The sex of the 
egg is determined during oviposition, and the stimulation of the spermatheca to 
discharge spermatozoa into the oviduct is usually brought about by external condi- 
tions. As the environmental factors arc inconstant, the sex ratio is variable as a 


consequence. Sperm that is stored in the spermatheca of the mated 9 is believed to be 
quiescent and must be subjected to some activating agent before migrating down the 
sperm duct to fertilize an egg. The source of the activating agent appears to be the 
spcrmathecal gland, which apparently is responsive to external stimuli. 

— Factors. 1. Successive matings. Several authors have recognized that the supply of 
sperm is gradually exhausted because of successive matings ; in consequence, 99 in 
the first or second mating of a 3 exhibit a preponderance of 99 in progeny, especially 
during the first days after mating, while S3 preponderate in the progeny of 99 that 
were mated later by the same 3. Several examples may be mentioned: VEVAi (1942) 
found that in AphiJius matricariae in early matings, the 9 offspring predominated but 
in later matings the sex ratio of the progeny was approximately equal, sekhar 
(i 957 ) ascertained a similar situation occurring in Praon aytti and Lysiphlebus testaceipes 
(Table 1). According to schlinger & hall (i960) 99 ’s of Praon exoletum that were the 
first matings of a 3 usually produced progeny in a sex ratio 1:1, with successive 
matings the number of<J progeny increased, so that a 9 that was seventh in a series 
to be mated by one 3 produced 58 33 and only one 9 . They (1961) ascertained a 
similar situation in Trioxys complanatus, 99 that were the first or second matings of 
a 3 usually produced progeny in a sex ratio 1:1; a 9 that was ninth in a series of 
matings by a single 3 produced progeny in the ratio of 49 33 to 2 9 ?. The sex ratio 
wuh respect to successive matings was as follows in AphiJius smith! : (wiackowski, 
19J): First mating 72% 99 . second 33%. third 35% and the fifth 4 o%. 

Therefore if sex ratio with respect to successive mating is to be determined, 
records on the first or second mating must be considered as the most correct, freshly 
emerged 9 and 3 parasite adults being taken in an experiment. 

r mS 3nd According to wiackowski (1962) the most 
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4. Beginning of opposition. If opposition is started bdbre a 9 is mated, she 
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Average Humber of Offspring per Female 

Female No. 

L. tcstaccipcs 

Pr. aguti 
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Table i. The relation of order of mating to the sex ratio of the progeny from four 
males each of Lysiphklus tcstaccipfs and Praott aguli. (sEKitAR, 1957). 


refuses to be mated when a o appears later on, <J progeny bemg produced in con- 
sequence (subba RAO & SHARMA, 1962, Trioxys indicus). 

5. Rapidity of oviposition. Each normal opposition requites a certain period and 
also the act of opposition must be separated by certain minimal intervals from each 
other if the egg is to be fertilized. When the eggs are laid too rapidly, for example 
due to concentrated opposition stimuli because of the long absence of the host, the 
mechanisms of the $ apparently need a somewhat longer period to come to a proper 
function, so that unfertilized eggs are produced in spite of good mating and a sper- 
matheca full of sperm. On the contrary, if the intervals of the host absence are short, 
the eggs are mostly fertilized (wiacxowski 1962, Aphidius smithi). 

6. Age of parasite female. When a fertilized ? is younger she produces fertilized 
eggs, while in older $? unfertilized eggs are in preponderance. This is due to the 
gradual exhaustion of the sperm supply m the ?’s spermatheca; this supply cannot be 
completed by another mating as a 2 mates only once in her life. Experiments of 
vevai (1942) (Table 2), sekhar (1957) and messenger a force(i963) are illustrative. 
In the progeny of 2$, therefore, it is necessary to distinguish the over-all sex ratio 
and the sex ratio of $ progeny at different periods of her life. 

7. Superparasitism. Sex ratio may be also influenced by competition of the larvae 
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Tabic 2. Records ofscssilcs and progeny obtained from single mated females. Aphidius 
matritarlae (vevai, 19+2). 


in a single host (salt, 1961). This does not seem to be the case of the aphtdiids, as 
the oldest larva survives irrespective of its sex ratio (see: Intraspccific relations). 

8. Longevity. As was previously mentioned, 99 do not mate in later periods of 
their life, although <J<? may be present. It seems that dd can mate throughout their 


9. Food. The same food is accepted both by 9 $ and dd. It docs not seem to have 
any significance on the sex ratio. Adults may even mate and oviposit without ac- 
cepting any food during the first short period of their life. Perhaps, the only part 
food plays may be in that when food is accepted the longevity is longer and allows 
a 9 to deposit all her supply of eggs if hosts arc available, while mated but not fed 
99 probably deposit only a certain part of their egg supply; as the fertilized eggs arc 
laid first due to the supply of sperm in a 9’s spcrmatheca, it is probable that the sex 
ratio could be influenced through food in this way. Experimental proof is necessary. 

10. Dispersal. According to v. d. boscii ct al. (1966) the exclusive occurrence of 
Apniduis smith! 99 in the adult parasite catches during the first two weeks following 
mumpiiou of samplings (Fig. 235) indicates that wasps had entered the field under 
their own power, since some ofthesc carried into the field by parasitized aphids would 
most probably have been $$. As wc mention in the paragraph on dispcrsal.it is highly 
improbable tint there would occur a similar difference in the mode of dispersal of 
and 99 ; host tnstar preference of a parasite 9 is a further proof. However, there is 
no doubt that parasite 99 exhibit apparently a greater active dispersal when searching 
for hosts in the new environments. Consequently, sex ratio in the old and new plot 
must be compared 1,1 order to understand the first situation in sex ratio in a new plot. 

it. Mortality. Sex ratio can also be influenced by the d.fFcrcnt mortality of the 
sexes during development (w iackowski, 19 6s) 
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Fig. 235. Weekly mean maximum and mean minimum temperatures and sex ratios 
of Aphidius smithi in an alfalfa field at Riverside, California, July 1961 to July 1962 
(v.d. bos cm et al., 1966). 


13. Host instar and form preference. Host instar and form does not seem to have 
any relation to the regulation of sex ratio (stary 1962). 

14. Host density has a great influence on parasite sex ratio. When there is a high 
host population density, the 9 lays the eggs rapidly and a targe number of unfertilized 
eggs is consequently included in this number; 3 progeny therefore predominates in 
the succeeding generation. When the host population is more scarce, the 9 must 
search for the host for a certain period and its progeny consequently includes more 
fertilized eggs. This influence of the density was well demonstrated m laboratory 
conditions on Aphidius smithi (wiackowski 1962). It may be also observed from the 
field data as mentioned by v. d, bosch et al. (196 6) (Figs. 235). 

15. Parasite density. When the parasite density is high, there is a greater possibility 
of both sexes meeting. Under a too low parasite density this probability decreases. 
The searching ability of the 33 plays a role as well. 

16. Temperature. Extreme temperature conditions both near the lower and upper 
thermal limit result in the apparent preponderance of<?c? in the progeny of fertilized 
99. This is due to the inability of mating. Copulation may be observed to occur 
under such conditions and it is possible that the sperm is not transferred, or the sperm 
is not viable, or sperm is not able to pass from the spermatheca to the eggs as they 
pass through the oviduct (messenger & force 1963 ; force & messenger 1964, Praoii 
exoletun 1; wiackowski 1962, Aphidius smithi). 

17. Season. Sex ratio may or may not fluctuate considerably during the season 
According to sedlag (1959, 1964) a preponderance of 99 was perennial in Diaeretiella 
rapae in Germany, hafez (1961) ascertained a decline in the sex ratio of 99 in winter 


- Main types. Although a general scheme of the oviposition acr is the same for the 
whole group, a more detailed study of the oviposition act in separate genera and 
species shows that there arc many differences. For this reason, we have selected some 
species in which the oviposition act is well known to demonstrate these differences. 
It is believed that a more detailed research of the oviposition behaviour of separate 
species will bring us more information on this significant phase of their life. 

A comparison of the main features of oviposition behaviour clearly shows that 
there can be certain common features for members of a separate genus, which ma j be 
given morphologically (Trioxys) or not (Praon), or differences may be found also in 
the different species of the same genus, etc. 

The examples arc dealt with only in respect of the details in which they differ from 
the general scheme of the oviposition act mentioned earlier. 

Ephedras persicac. The oviposition behaviour seems to be of a normal type. Length 
of oviposition 10-15 iCC - The attacked Myzus cerasi tried to repel the attacking 9 by 
movements of legs or by running away, but the 9 bent the abdomen accordingly or 
followed the running aphid, the ovipositor remaining inserted ( stary , 1962). 

Praon exoletum and spp. When contact is made with Therioaphis tnfohi, the 9 stops 
quickly and slightly taps her antennae on the back of the aphid. Then she usually puts 
her front legs (or, more rarely, her middle legs) on top of the aphid and elevates 
herself by quickly straightening up her hind legs. Then she bends her abdomen 
downward and forward, so that the ovipositor sheaths extend beyond her head, and 
oviposits in the aphid. Stinging is effected by a very rapid thrust of the ovipositor. 
Length of the act is less than 3/ioth of a see (schunger & hall, i960). 

The placing of the fore legs on the attacked aphid seems to be t)ptcal of Praon 
species. sciiLtNCER & hall supposed this to be an adaptation to overcome the jumping 
lubit of the aphid ; how ever, similar behaviour was observed in Pr. vohicrc attacking 
Hyalopterus pnitii by reirne (1942), but this aphid docs not exhibit a jumping habit. 
Pr. etjitfi showed a similar behaviour when attacking non-jumping hosts (sekhar 
1957). Consequently, this behaviour is apparently a general adaptation for more 
successful oviposition in /Yaoti-spccies. It seems to be a similar one in function as the 
role of prongs in the Tr/evyr-spccies. 

Aphidnis rm. Increasing antennal tapping of the 9 can be observed during ovi- 
position. She oviposits with her wings put' on her back. Only if the aphid tries to 
escape, she pursues it in the oviposition posture, flapping her wings, apparently to 
quicken her movements. Length of oviposition act is about 1 see. The continuous 
antennal tapping seems to be an adaptation to quick escape reactions of the aphid 
(starv 1962). 


ApinJiut » mrar. When searching for the host the V holds lier antennae forward 
and slight!) bent downward. If an aphid is tapped (Me t oura vtuat) the antennae arc 
held upwards and the oviposition posture follows. The awaiting position before the 
act is as follow s: the', stands on erected legs, the abdomen bent downwards. The true 
ovip.vs.non posture is similar, only the bent abdomen is stretched forwards, moving 
um.l the bos. » tapped by the end of the ov.pos.tor sheaths The sting and oviposition 
follow . lasting 1 2 toi sec. Wings of the ovipositing . arc laid tn a horizontal position. 
If the aphid changes m pnsit.on after being tapped bs the antennae and before it was 
stung, the . moves her abdomen searching for the aphid and only afterwards the 
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ovipositor sheaths. The latter is apparent also from the movements of abdomen when 
a $ searches for the aphid (stary, 1964, 1966}. 

Aphidius transcaspiau. After Aphis craccivora (unnatural host) is tapped by the an- 
tennae, the? holds her antennae upward. Then the abdomen is bent under the thorax 
and flapping of wings may be observed. The wings then are held in quite the same 
position and the sting follows. Several strikes can often be observed if the 9 docs not 
meet the aphid, the last one being the sting and apparently an egg deposition as well. 
Length of the act is approximately 3/ioths of a sec. The opposition behaviour 
in the case of an attack on a natural host, Hyaloplcriis pruni, seems, in general, to be 
the same. 

Diasretiella rapae. After contact with the host aphid (Bret'icoryne brassicae) is made, 
the abdomen of the ? is bent anteriorly beneath the thorax and between the legs to 
reach well in front of her head. The ovipositor is then inserted with a quick movement 
and an egg is deposited. Length of the act is less than 1 sec. Thus, in most eases, the 
ovipositing ? remains within some distance of the host and contacts it only with the 
ovipositor (HAFEZ, 1961, SEDLAG, 1 964, WILBERT, 1967). 

Lysiphkbus fabarwn. According to observations of tremblay ( 1964 ) the ovipositing 
9 continually taps both the surface and the host aphid with her antennae. Length of 
the act is from 55-60 sec to 2 min. According to our observations the first orientation 
in an aphid (Aphis /abac) colony is made by the antennae, but later the aphid moves 
with the abdomen bent forward and often oviposits into the aphids without tapping 
them by the antennae. The latter might be a specific feature of this species which is a 
typical parasite attacking aphids that live in dense colonies. 

Monoctoutu crepiJis. When a ? attacks a suitable individual of Nasonovia ribis- 
nigri, she approaches it, examines it with the antennae, reaches forward to grasp it 
with the fore legs, and, with a swift motion, bends her abdomen forward and under. 
With a forw ard thrust she inserts her ovipositor into the ventral surface of the aphid 
in the transverse suture between the first and second pairs of legs. Length of the act 
is 13-20 sec. During the act the 9 holds the wings extended behind her, all the 
while retaining its hold on the aphid with her fore legs and standing anterio-latcral 
to the host. She then withdraws her ovipositor until it is a fraction away from the 
aphid’s body, pauses in this position for a few moments, straightens her abdomen 
and finally releases the aphid (Griffiths, i960). The holding of the aphid with the 
fore legs and specific opposition site seem to be the most characteristic for this 
species. 

Trioxys c omptanatus. When a $ approaches an aphid, she raises her wings to a 
vertical position and rapidly vibrates them. When contact with the aphid is made, 
the parasite quickly strikes it with the ovipositor in the manner of other aphiduds. 
Only the ovipositor and ventral prongs touch the aphid during parasite position. 

If the ovipositor is not inserted the parasite backs away and moves around the aphid 
to another position; or occasionally, she strikes it again in the same area. Even 
though the ovipositor has evidently been inserted, the 9 often continues to strike 
again and again (schlinger & hall, 1961). 

The 9$ of Trioxys species show an apparent morphological adaptation to ovi- 
positing in aphids (see below’). The purpose of their accessory prongs acting as an 
opposite to downward curved ovipositor sheaths and ovipositor is apparently to 
hold the aphid attacked and prevent its escape. This function of the apparatus is the 
same, whether the Trioxys species attacks the jumping or non-jumping aphids. 
(Fig. 236). 

Metaphidiiu aterrimis. 99 of this species arc adapted morphologically similarly as 
the Trioxys species as to the function of the accessory apparatus, but in this case 



Fig. 236. Oviposition of Trioxys angehcae. Aphid: Aphis porni (eidmann, 1924). 


there is a tubular prong developed at the base of the seventh abdominal tergite, the 
ovipositor sheaths and ovipositor being curved upward and acting as an opposite to 
the prong. 

- Opposition site. An egg can generally be deposited in any part of the host body, 
but certain parts may be preferred or specific as an oviposition site. Two main 
groups can be recognized among the parasites in this respect: 

-Various parts of host body — Aphidtits matricariae: out of 852 strikes observed, 
*4-9 % ^ctc made from the front, 30.7% from behind, 54.4% from the side of the 
host. The favourable site is that part of the abdomen in the region of cornicles 
(yrvAi t942). A. megourae: the ? stings in any part of the host body, but usually in 
the abdomen. Only if higher instar aphids arc attacked, the stings in legs arc com- 
mon (starv, 1964). A. transcaspiais : the $ oviposits mostly in the abdomen of the 
host. LysipMebtis fabarum ; the host is mostly stung in the abdomen./- testaeeipes: 
the? mostly oviposits in the ventral part or sides of the host’s abdomen, then bc- 
tsveen the cornicles, in head, thorax and legs, and most rarely in the antennae 
(siziiAB 1937). Praen aguii ; the 9 oviposits mostly in the ventral part of host’s abdo- 
men and bmveenthe cornicles, then in the sides of the abdomen, then in head, th<v 
rax, and rarely in antennae and legs (skuas. 1957). p. exokttm: the 9 does not 
orient itself to sting any particular part oftheaph.d, but rather oviposits in the aphid 
from whichever angle is approached. Most of the stings occur in the abdomen 
(SCIIllSCllt fc HAtt, 19*0). ^ 
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the ? attacks also less suitable instars. The latter ease seems to exhibit also an influence 
on the opposition site. In Aphidius megottrae the 99 often oviposited in host’s legs, 
while this was nor the ease of preferred low instar aphids (stary, 1964). Similarly, 
when the ? Monoctonus crepidis attacked large aphids, she was unable to deposit eggs 
in the specific area (GRIFFITHS, i960). 

2. Angle of parasite attack. A $ may approach the aphid from different angles. In 
some species such as Praon exoletutn or Trioxys compJanatus, the angle of attack has no 
significance as to the opposition site (schlinger & hall, i960, 1961). In other spedes, 
such as Aphidius matricariae, the angle of attack is important, the parasite usually 
avoiding the posterior abdominal segments possibly because there is a risk of making 
contact with the honeydew of the host (vevai, 1942)- Or, in a particular case, the 9 
must attack the aphid from a certain given angle to oPposit in a specific area; this 
is the case of Monoctomts crepidis (Griffiths, i960) (sec below). 

3. Intrinsic features. Some spedes, such as Monoctomts crepidis, deposit their eggs 
in a specific part of the host’s abdomen (GRIFFITHS, i960). This behaPour does not 
seem to be entirely clear as the eggs deposited in any part of the abdomen, except 
cornicles, develop successfully, as can be observed in the whole aphidiid group. 

4. Honeydew production. The angle of attack is perhaps sometimes influenced 
by the production of fresh honeydew by the aphid which the parasite 5 avoids to 
contact (vevai, 1942, in Aphidius matricariae). 

5. Waxy covers. In many aphid spedes there arc waxy covers developed to a 
various degree. As the parasites generally avoid coming into contact with the wax, 
it is possible that parts of the host’s body where less wax covers are to be found are 
preferred. 

- Significance for egg development - The opposition sue has a basic significance 
as to the further development of the laid eggs. Observations ofseveral authors showed 
that few progeny were obtained from thoradc strikes (sekhar, 1957), while no 
progeny developed from strikes in antennae, head, cornicles, legs (sekhar; vevai, 
1942). Apparently, the eggs deposited in these parts fail to develop became of a too 
restricted space, while the common opposition site — the abdomen — enables the 
laid eggs to develop normally with no dependence whatever which part of the 
abdomen was oPposited in. 

- Host paralysatioit. The parasitic Hymenoptera may or may not paralyze or kill 
their host prior to opposition (doutt, 1959 ). Anatomical studies of the reproductive 
system of the aphidiids have shown that there are probably poison glands at least in 
some species developed (e.g. Trioxys complanatus, schlinger a hall, 1961, etc.). How- 
ever, the function of the poison during the opposition act is not clear. It is apparent 
that the possible injection of venom to paralyze the host and the act of opposition 
are a single operation being a simultaneous act. However, judging from the host’s 
responses to parasite attack the injection of venom may or may not occur: the 
aphids may respond by moving their legs, by quick motions of the abdomen, escape 
reactions, producing a small drop of liquid from siphuncles, etc., or the)' may show 
no response to being oPposited. Their response may be also due to the sting through 
their integument. It is ePdent that further research is necessary in this direction. 

The single reported record on paralysation of an aphid as a sequence of opposition 
is that of teunga (1950) who mentioned this period of host paralysis to be as long as 
half an hour. However, observations of various authors as well as our own disclose 
contrary results. 

- Number of strikes and number of laid eggs. A strike is defined as the act of the parasite 
whereby the oPpositor is thrust toward the aphid, with or without making contact 
(SCHLINGER k HALL, 1961). 



The number of strikes is generally higher than the number of laid eggs. A $ often 
prepares to oviposit, but the aphid may escape and no contact follow, some 99 may 
watt with thrusted ovipositor until the aphid moves and then they oviposit. 

A most unusual manner of strikes was observed in Trioxys complanatus. The action 
of the prongs seems to explain the multiple strikes. When the strike is made and 
the prongs do not gain a grip on the aphid integument, the parasite has then nothing 
to pull against and is unable to insert the ovipositor. Therefore, if an egg leaves the 
ovipositor at that time, it is deposited on the outside of the aphid and is lost. The 
$ not having gained a firm hold on the aphid will strike repeatedly until the prongs 
become secure and give it the needed support for the insertion of its ovipositor 
(SCllllNCER A HALL, 1961). 

- Number of stings and number of laid eggs. A sting is the contact of the ovipositor 
with the host body. A sting may or may not mean that an egg was laid. The number 
of stings is generally more numerous than the number of laid eggs. 

VEVAl (1942) recognized experimentally that when only one sting was allowed per 
aphis 340 out of 1463 specimens became parasitized (23 .2%), when two stings were 
allowed 45.7%, when three strikes 80% and 100% with four strikes. wiackowSki 
( i960, 1962) found that the average number of actual ovi positions was one per three 
insertions of ovipositor in Aphidius smithi. 

Host behaviour and parasite opposition behaviour seem to influence the relation 
between the number of stings and laid eggs, to a high degree. In Praon exoletum, if 
conditions arc favourable, the 9 strikes at an aphid only once, but if the aphid moves 
or the parasite misjudges the angle or position of the host, it will continue to strike 
until the egg is deposited (schlinger a hall, i960). In Trioxys complanatus, because 
of the habit of the 9 not to touch the aphids with antennae before ovipositing, 
multiple stings arc common (schuncer a hall, 1961). 

- Numlxr of e^gs per insertion of ovipositor. As mentioned above, an egg may or may 
not be deposited simultaneously with the insertion of the ovipositor. The state of 
the 9 , i.c, whether she is present all the time near the host and has no concentrated 
ovi position urge due to a temporary lack of host, a single egg may be laid almost at 
each insertion (stary, 1964, Aphidtus tnegourae, ullyet, 1938, Diaeretiella rapae). 

A particular case seems to be that of Trioxys complanatus as described by sciilinger 
a hail (1961). It is thought that when several eggs are deposited with a single 
insertion of the ovipositor it is because the wasp is unable to release the grip of the 
prongs immediately. The deposition of several eggs under these circumstances 
usually occurs more frequently in older aphids (mstar IV or adults) which have a 
much thicker or tougher integument than the younger ones, and the prongs are 
released with greater difficulty; 2-3 eggs arc usually deposited under these condi- 
tions, but at many as 10 can be found. 

- Post^oviposition behaviour. An opposition act is finished by the retraction of the 
oppositor and straightening of the abdomen to a normal position. After finishing 
one opposition act, the 9 can immediately search for another aphid, or it may 
spend a certain time in a so called resting period, when she cleans herself, slightly 
strikes her abdomen with the hind legs, strokes her antennae between the fore legs 
and nunithparts. she nu) feed, or sit motionless on a leaf, etc. Post-oviposition 

k Pour, especially the frequency and length of the resting period, is determined 
by the intensity of opposition and the age of the i (see- below). The resting period 
u charaitemed by the parasne ignoring the host 
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The resting periods are gradually longer depending on the $’$ age and opposition 
intensity. The maximum number of eggs, in a host’s presence, are laid during the 
first few days of the parasite lifetime. 

Praon exokhan (schlinger a hall, i960). Opposition usually takes place in rapid 
succession in groups of 6 to 16 stings, proPded that hosts arc available. The $ then 
enters a rest period of about 5-30 min, during which time there arc no signs of any 
oppositional attitudes. When she is ready to sting again she repeats a similar group 
of stings before resting again. The number of stings in successive series gradually 
diminishes, until near death there is a rest period of about 45 min and as few as six 
stings arc noted. Towards the end of each sting period the rapidity with which the 
$ stings slows down considerably after contact is made. After a 9 locates the aphid, 
she often elevates herself and thrusts her abdomen forward as if to oPposit, but 
docs not touch the aphid with the oPpositor. 99 were observed to remain in this 
position for as long as 30 see before slowly moPng the oPpositor towards the 
aphid and ovipositing; movement of the aphid had a stimulating effect at that time. 
- EGG dispersal. Each parasite species has a certain pattern in bchaPour in egg 
dispersal that may be recognized if a single 9 oPposits in a normal colony of its 
host. 

Some species show rather a dispersive pattern in egg deposition. They oPposit 
in an aphid, then run off and attack another aphid in another colony, etc. Such a 
behaPour can sometimes be due to the response of the aphid to parasite attack as 
after retracting the oPpositor from an aphid the parasite moves and runs a little so 
that parasitized aphids can never be found in dense groups {Praon abjectuin, Ephedrus 
plagiator). Other species attack suitable host aphids quietly and gradually and the 
whole colony may be heavily parasitized in consequence (Lysiphlcbtts f alarum). 

A typical parasite 9 behaPour may be obscured by the simultaneous or gradual 
action of several 99, by the scarcity of suitable host instars, by aphid density and by 
the density of aphids in a colony. The type of aphid colony is either specific or it 
may change during the existence of the colony. For example, George (1957) found 
different degrees of parasitization of Brevicoryne brassicae by Diacrctiella rapac in the 
upper, middle and lower leaves. On the upper leaves, the colonies of aphids are small 
and diffuse, the parasite does not need to search for suitable hosts. However, cn the 
middle and lower leaves the aphid colonies are more dense and opposition is restricted 
to indiPduals at the edge of the colony, where there is no danger of the parasite 
coming in contact with wax and honeydew. 

- morfho-ecological adavtation of females to opposition into the host are 
rather a significant adaptation, which determines basically the host-parasite relation. 
Many of them are similar as to their function, but they are apparent results of func- 
tional convergence in the aphidiid group. There is, for example, no doubt, that 
such clear adaptation to hold the attacked aphid between the prongs and ovipositor 
sheaths to enable a more successful attack and opposition has developed independent- 
ly in Trioxys and in Metaphidtus species, being morphologically dissimilar, but 
having the same function. 

Length of the opposition act seems to be an adaptation of the general bchaPour 
of the given aphid species. Some aphids are rather rapid, their responses to parasite 
attack are quick and immediate — such aphids are attacked by parasites that show 
rather a brief length of the opposition act. Contrary to these, the slowly or non- 
icspondmg aphids are attacked by parasite species that have a long opposition act. 
Specific features may cause the same aphid species to be attacked by two parasite 
species, each of which has a different length of opposition act. For example. Aphis 
fabae is attacked by Lysiphlebus fabamm, Trioxys angelicae, Praon abjectuin, Ephedrus 


plagiator, etc. Lysiphkbus fabarum has a long opposition act, it follows the running 
aphid with ovipositor inserted; another parasite, Trioxys angelicae, uses its prongs to 
hold the attacked aphid, so that its opposition act can be shorter, etc. 

Someparasites hold their fore legs on the attacked aphid (Praon, Monoctonus). This 
seems to be an adaptation to prevent the escape of the attacked aphid, the adaptation 
being functionally equal to that of Trioxys species. 

A classical example of morphological adaptations is the development of various 
prongs on the apical abdominal parts of parasite ??, In Trioxys there arc two accessory 
prongs developed at the last abdominal sternite, in the genus Bioxys there is a single 
prong developed; in Metaphidius, contrary to Trioxys, the prong is developed at the 
base of the seventh tergitc. The principal function of these apparatus is to keep the 
attacked aphid between the prong or prongs and the ovipositor sheaths that operate 
as an opposite to the prongs. 

A wide degree of morphological adaptation may be recognized on ovipositor 
sheaths of various genera and species. They are of a different shape and size (see 
Morphology). 

- oviposition stimuli and host suitability. Many observations have shown that 
oviposition stimuli do not necessarily mean that the host is suitable for parasite 
development. Such observations were made both in the field and laboratory con- 
ditions. 

SCHUNGER ti HALL (1960) recognized that Aphis spiraecola on Citrus is attacked by 
Lyslphlebtts testareipes in California, but the parasite never develops past the third 
instar ; the oviposition into an unsuitable host is believed to be due to the simultaneous 
presence of a suitable host aphid. Aphis helianthi represented a similar case. 

In the laboratory, broussal (i960) observed that when Macrosiphoniella sanborm 
is attacked as an unnatural host by Diaeretiella rapae, the parasite does not complete 
its development either. 

Other examples are mentioned in host specificity and unnatural host propagation 
chapters. 

-factors. 1. Emergence. Different species show different intervals between 
emergence and starting of oviposition. Some species start to oviposit soon after 
emergence, others need more and sometimes a considerable time before being able 
to do so. 

2. Mating. A number of authors did not find any differences between virgin and 
mated 9 ? as to the onset of oviposition : vevai (1942) in A phidms matricariae, tremblay 
(1964) in Lysiphkbus fabarum, subba rao a sharma (1962) in Trioxys indicus. How- 
ever, flanders (i 937 « 1943 ) believes that the act of mating or the presence of sperm 
in the spcrmatheca has a marked effect on the behaviour of the 9 . This ii Surely true 
in the aphidiids with respect to the relation of virgin or mated 9 to the d. Nevertheless, 
it seems that mating can also stimulate the oviposition ability, sekhar (1957) : under 
the same laboratory conditions (25 - 3 5 °C) mated 9 Lysiphkbus testaceipes started to 
oviposit 4 - 8j min after emergence; similarly, in Praon aguti, mated 99 started to 
oviposit in 2 - 70 min after mating, while virgin 9$ were able to oviposit about 2 
hours after emergence. 

3 . Behaviour. The parasites show conspicuous differences in oviposition behaviour. 
Besides the true oviposition behaviour, the type of host colony is also important. 
Some 99 oviposit in aphidsifthey occurin dense colomes, others may do the opposite. 
Nevertheless, as the colomes of the same host aphid may have a different density 
during a certain period of time, the parasite behaviour may influence also the op- 
position through the suitability of the host colony. 

4 - Food. As mentioned earlier the opposition stimuli arc primary and they over- 



rule the need for food at the early period of parasite adult life; however, at a later 
period, food or at least water is necessary if the oviposition has to be continued. 

5. Fecundity. Oviposition is influenced by the number of eggs present in the 
reproductive system of the 9 . After this supply is exhausted the oviposition stops as a 
result, although the $ may live longer. 

6. Longevity and age. Oviposition is usually most intensive during the first days 
after emergence. The length of the oviposition act is also shorter during this period. 
Gradually, when the $ is getting older, the number of laid eggs is smaller, the ovi- 
position intensity is lower and the length of the act is longer, too. 

7. Host density. Host absence for a longer time may cause a too high stimulation 
of the 9 when she finds the host and consequently too many oviposition acts may be 
made in one host (superparasitism), etc. A high host dens it)' may sometimes force 
the $ to restrict her oviposition to the edges of a colony (Diacrctiella rapae), or not 
(Lysiphlebtu /alarum). As is shown in the reproductive capacity paragraph, the higher 
host density stimulates the parasite oviposition up to a certain level. 

8. Host preference. Every parasite species prefers a certain host instar; the ovi- 
position act in this instar requires a given penod of time. However, in case of the 
absence of this preferred instar, a parasite may deposit eggs in higher instars as well. 
As the higher instars are larger the oviposition needs more energy and time and it is 
relatively slower. FunheT, we have no detailed records whether the length of the 
oviposition act is the same in all the host species attacked or nor. The other factors 
connected with the host, influence the ovipositing $ through the host specificity 
factors (host microhabitat, parasitized - nonparasitized host, etc.). 

9. Host behaviour during a parasite attack can influence the oviposition to a con- 
siderable degree. Parasite adaptation plays an important role here. In some species, 
if the host starts running after being tapped by the parasite antenna, the 9 is unable to 
follow it and the host escapes oviposition in this case, or they interrupt oviposition 
if the host aphid moves a Little. In other species the 9$ pursue the running aphids and 
they can do so without interrupting oviposition, or they pursue the host to oviposit. 

10. Mechanical stimuli. Oviposition may be interrupted by mechanical stimuli. 
The responses of a parasite to these stimuli are specific. In general, parasites of quickly 
moving aphids are more sensitive and the parasites of the slowly moving aphids 
less sensitive to a mechanical stimulus. The sensitive spedes break off the oviposition 
and fly or run off. E.g., it is enough for ovipositing Aphidim inegotirae to be touched 
by another aphid to interrupt oviposition and run off; Lysiphlebtts fabarutit, on the 
other hand, can be touched even with a pincette, not to speak of aphids or ants, and 
she quietly continues her ovipositing. 

11. Temperature and relative humidity. The highest oviposition intensity is under 
optimal temperature and R.H. conditions. Under low temperature the parasites 
are poorly active and rarely and slowly oviposit, while too high temperatures stimu- 
late them too much and oviposition does not occur. The influence of R.H. on ovi- 
position was apparent in laboratory mass-reanngs of Trioxys complanatus (finney, 
puttier tc dawson, i960) : the parasite occurs in xerothermic habitats in nature. In 
the insectary, under humid conditions — 60% R.H. and more — the adults spent 
most of their time in stroking their antennae, wings and legs rather than ovipositing , 
however, by the use of the ventilating unit the humidity was reduced to room level 
and oviposition was normal. 

is. Day time. The parasites do not oviposit at night. As the parasite day activity 
is mostly in the morning and late in the afternoon, it is apparent that oviposition 
takes place in these periods of the day. beirne(i 942) found that oviposition. was most 
frequent in the morning in Praon volucre. 



13 . Artificial measures. In his experiments with AphiJius smithi wiackowski 
( 1962 ) foundthat the smaller number of opposition acts was in the case of?? threated 
with C0 2 for about 1 min before the experiment, this being believed to be probably 
the result of the action of this gas. 

- influence OF oviposition ON parasite female. ¥¥ that have no chance to oviposit 
manifest a longer lifetime than ovipositing ¥¥• This is understandable as opposition 
is naturally connected with loss of energy. 

As we have already mentioned, opposition prior to mating seems to prevent 
the mating of the given $. 

Active opposition is most rapid at the earlier periods of the ?’s lifetime, while the 
¥ is gradually slower until her death. 

references. 21-3, 65, 89, 158, 169, 273, 290, 294, 301, 314, 332-3, 355, 35<S, 37 2 . 
388, 421, 438, 448, 450, 476, 478, 483, 497, 499, 586, 59t, 666, 670, 681, 762, 9*5. 
962, 969, 1003, 1005, 1022, 1023, 1039, 1062, 1069, 1101, mi, 1121, 1125, 1158. 
1162-3, 1189, 1212, 1231, 1238, 1254, 1256, 1266, 1284, 1295, 1299, 1306, 1309, 1319. 
1331 . 


Reproductive Capacity 

Aphids are a group of insects which is characterized by an enormous reproduction 
and numbers that can be found to occur in nature under favourable conditions. 
For this reason, the research and knowledge of the reproduction capacity of their 
parasites represents a rather important part of parasite biology. It enables us, at least 
in part, to determine the role of the parasites as agents that participate in the elimina- 
tion of aphid numbers in nature. 

- potential and realized fecundity. Potential fecundity can be derived from the 
number of eggs present in the ovaries of a ¥ if she is reared in constant conditions and 
in a host’s absence. According to schunger & hall (i960), the number of eggs per ¥ 
may vary indiPdually, but there is little difference in the number of eggs found in 
the two oPducts of the same ¥• Records on potential fecundity are relatively con- 
stant for a given population. Realized fecundity, which is usually derived from the 
number of laid eggs, or even parasitized aphids, may be influenced by a number of 
factors; moreover, there is also a difference between the number of eggs laid and 
the number of parasitized aphids, as all the eggs laid may not develop; furthermore, 
superparasitism also obscures the number oflaid eggs; the number of laid eggs, too, 
may be obscured by the number of stings, number of oppositions, and number of 
eggs laid per one opposition act. 

An extensive part of the records which can be found in the literature contain data 
on potential and realized fecundity. These data, however, being obtained both in 
the laboratory and field mostly, do not include records on factors which have in- 
fluenced the fecundity of the parasites. The following is a list of examples of such 
data per ¥: Aphid, us everts. Arthur (1944): 153-382 eggs laid. Arthur (1945): min. 
39, max. 89. average 82 ovarian eggs, quius (1929): max. 750 ovarian eggs, saar- 
SHINSKY (1930): average 130 eggs laid, 200 ovarian eggs. A. ervi. macgill (ip 2 3 ) : 
120 ovanan eggs, stary (1962): 140 ovarian eggs, average 50 parasitized aphids 
(18-24 C). A. maincmv vevai (1924): min. 13, max. 300. average 93 ovarian eggs. 

. tmt 1. wiackosssk! (1960, 1962): 40-150 mature ovanan eggs and a number of 
JMo lph ,a,. Diartiielta „p«. uuvfit 



300-400 ovarian eggs. sedlag(i958): 400 ovarian eggs, at least 207 laid. HAFEz(ip6r): 
max. 175, min. 25, average laid 83. broussal {1966): 200 ovarian eggs. Lysiphkbus 
fabarum. quilis (1930): average 750, max. 1500 eggs laid (Note: Evidently a mistake 
due to bad conditions of cultures of aphids.), uvsinc (1946) : 23.1-219.9 par. aphids. 
luzhetski(i9<So): 115-118 laid eggs, tremblay (1964): 200-250 mature ovarian eggs, 
average par. aphids hi, 207, 180. L. testaccipes. Webster a Phillips (1912): 4-450 
eggs, average 94.6 parasitized aphids, also 200-301. sekhar (1957): max. 254 par. 
aphids. Preen exoletum. schlinger a hall (i960): average 155 ovarian eggs (93 mature 
and 62 immature). MESSENGER a force (1963): 300 or 162 eggs on the average de- 
pending on temperature conditions. 

- proovigeny and SYNOViGENY. In connection with the supply of eggs present in 
the ovaries at the emergence period and to the egg deposition, flanders (1950: 
doutt 1964) divided the parasitic Hymenoptcra into two groups: 

Proovigenic species. Species of this group reach the adult stage with a complement 
of ripe eggs, deposit them, in a brief period, and develop no other eggs during their 
life; the production of the eggs in these species is entirely from stored nutrients 
carried over from larval stages. 

Synovigenic species. Most of the parasitic Hymenoptcra belong to this group. 
Species of this group continue to produce eggs throughout the adult life. In these 
cases the production of eggs is dependent on the nutrition of the adult 2 rather than 
on the metabolites retained from the immature stages. Proteins for the continuous 
production of eggs are supplied by feeding on honcydcw, etc. 

The classification of the aphidiids, whether they belong to proovigenic or synovi- 
genic species, seems to be somewhat vague. If the presence of a given number of ripe 
eggs is taken as the basic difference, a certain part would belong to the proovigenic 
group. However, the aphidiids are known mostly to produce eggs for a greater part 
of their imaginal life, the number of eggs produced during their life is larger than 
the number of ripe eggs that are present in the oviduct at the day of their emergence, 
this would show aphidiids to belong to synovigenic species. But anatomical research 
has shown that there is, with some exceptions mentioned below, a certain given 
number of eggs in the reproductive system at the time of emergence of a 2 which 
does not increase during the lifetime, however, this number includes both immature 
and mature eggs. Better to say, pro- and syn-ovigeny may be changed in dependence 
on photoperiod m the aphidiids. 

Summarizing, the aphidiids include on the one hand the proovigenic species, on 
the other hand, they represent a certain intermediate group between the proovigeny 
and true synovigeny, owing to the following reasons: 

(1) They lay eggs for a great part of imaginal life; 

(2) the number of eggs is determined at the day of emergence; 

(3) both immature and mature eggs are contained in the reproductive organs of the 

2; 

(4) this egg supply is gradually exhausted, first the mature eggs of the nymphal 
origin are laid, then the mature eggs that developed from the original unmated eggs 
are laid; 

(s) resting period occurs between a series of ovipositions, during which a fur- 
ther portion of the eggs matures and gradually enters the oviducts ; 

(6) to realize a total egg supply (a) host, (b) corresponding period of time and (c) 
food are necessary. The role of food is not dear (honeydew), whether it is accepted 
as a source of carbohydrates or as a source of proteins too ; in every case, food or at 
least water are required by 22 after a short period of post-emergence life or ovi- 
posirion is interrupted. 


{7) ovisorptton does not ocatr; sometimes a slight reduction of the egg supply in 
S'? with no possibility of ovipositing may be observed: 

(8) the egg supply is specific and cannot be influenced by externa! factors (potential 
fecundity). 

The above mentioned summary may be shown in further detail: 

- Proovigcnic species - iw'ATA (1959) found some specimens of "AphiJius japonims" 
whose ovaries contained only (>00-700 mature eggs and no immature eggs. This 
would appear to be a case of an apparent proovigeny, but specimens of the same 
species from other localities had 30 mature and many immature eggs in their ovaries, 
which is common in other aphidiids. 

- Role of generation - brouss ai (1961) ascertained that ?? of the first spring genera- 
tion of Diacrefiella rugae, which emerged from overwintering mummies, lay only 
the supply of ripe eggs that reach a mature state before adult emergence. There is no 
oogenesis in this generation in the adult stage. The aestival generation of this species, 
on the contrary, exhibited the prolongation of oogenesis even after the pupal supply 
°f epp* was deposited. This indicates that the kind of generation has an influence on 
the egg production in the adult stage. 

- Role of photoperiod - According to brouss ai (1962) DiaerttitUa rapat S? laid the 
only supply of ripe eggs that readied a mature state before adult emergence under 
1 1 hours of light; 14 hours photoperiod, on the contrary, caused the production of 
eggs during adult lifetime in the aestival generation. 

-Normal kind of egg production - The greatest part of aphidiids, in which the egg 
production is known, at least as to basic features, seems to produce the eggs in a 
manner which is related to the undermentioned: 

Praon exoletum (sciiUNCrR a hah, i960). Maturation of about 10% of the eggs 
takes place before emergence, and when the ? emerges, about 25% of her total com- 
plement of eggs 3re fully developed. The number of eggs present in the reproductive 
system of a newly emerged ? apparently constitutes the total reproductive capacity 
of that ?, since a further maturation of eggs docs not take place even though the 
number of eggs in the oviducts is greatly depleted after continual opposition. 99 
which were allowed to oviposit freely for 24 hours, were dissected and found to 
contain from 10 to 20 developed eggs in the oviducts and no eggs in the ovarioles. 
The gcrmarial end of the ovarioles had started to deteriorate. The fact that germarial 
deterioration is prevented by lack of opposition was shown by an experiment in 
which 5 99 , kept free from hosts until their death, showed by dissection that a full 
complement of both developed and undeveloped eggs were present and that no 
tissue breakdown had occurred. 


Tmxyscomphnatm (schlincer a hail, 1961). Maturation of the eggs takes place 
before and after emergence. Approximately 7 J% of the total complement of eggs 
are fully developed when the ? emerges from the cocoon. The number of eggs pre- 
sent in the reproductive system of a newly emerged 9 very closely measured the 
total reproductive capacity of that 9. since it was observed that further maturation 
of eggs did not take place even though the number of eggs was depleted after a con- 
i'” period of opposition. 99 allowed to oviposit freely for 24 hours nearly ex- 
tin« S % , e SU PP y ° c SS s st ° r ^d ui the oviducts. There was no apparent deteriora- 
IZetm OV “° ” '" d l "" ™ found in ton 
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proteinaceous food or is unable to find a host for an extended period of time. Con- 
sequently, the ripe eggs in the ovarioles arc not deposited but absorbed (flanders, 
1947; doutt, 1964). According to Flanders the phenomenon of ovisorption empha- 
sizes the economy of parasitism, and this conservation of reproductive material is 
correlated with a high searching capacity. Such parasites are able to search in low 
host densities and conserve their eggs and restrict opposition to sites suitable for the 
development of their progeny. 

Experiments to ascertain whether ovisorption is developed or not in Praon exoktum 
{schlinger & hall, i960) have shown that 9? without available hosts retain their 
full complement of eggs until death, thus showing no signs of ovisorption. Experi- 
ments with Trioxys complanatus, in which 99 were confined without hosts and food 
for 5 dap, gave identical results (schlinger & hall, 1961). 

However, the results of experiments with Diaeretiella rapae undertaken by sedlag 
(1964) showed the following situation in 9 ovaries that had no possibility of laying 
eggs: first day 49.2 eggs, second day 228.3 eggs, third day 2S0.4 eggs, fourth day 
261.6 eggs, fifth day 227.1 eggs, sixth day 176.6 eggs. Apparently, egg maturation 
took place in the first days of adult life, which is a common phenomenon in aphidiids. 
Nevertheless, the slight decrease in the number of eggs on the fifth and sixth dap 
might be a slight indication of ovisorption. 

wiackowski (i960) mentioned the process of a full degradation of eggs and ova- 
rioles to occur on the 5 th day after the emergence of Aphidius smilhi in case of a 
host’s absence. However, this process was later (1962) reclassified and mentioned to 
be independent of host’s presence and needing cytological study. 

- factors. 1. Age of parasite female. The duration of the reproduction period may 
be equal to or shorter than the length of 9 life; host presence is presumed to be con- 
tinuous. In case that the host's presence is restricted to several dap of 9 life, the repro- 
ductive period is concentrated to these dap, bemg then correspondingly shorter. 
Experiments on the relation of 9 age and duration of the reproductive period under- 
taken by several authors represent a satisfactory proof (Table 3) (vEVAt, 1942, hafez 
1961, SEKHAR 1957). 

Intensity of oviposition is generally most intensive during the first few days of the 
life if the host is continuously present. After these few days the oviposition sharply 
decreases. This phenomenon seems to be of general value for the whole group 
(Table 3) (vevai, 1942, sexhar 1937. messenger & force, 1963, hafez 1961, i-ivsinc 
1946, etc.). A parasite is able to deposit a certain maximal number of eggs per day, 
which is determined by the number of eggs present in the ovarioles (broussal, 1966). 
As we have mentioned, this number of eggs is the highest during the first few days 
after emergence. For example, in Diaeretiella rapae, there was a lack of host for 6 days 
after emergence, the supply of eggs should have been 388 eggs if compared with the 
99 in presence of host during this period; but the oviposition rate on the 7th day was 
only 118.5 eggs: to realize the whole accumulated supply of eggs another four dap 
were necessary (broussal, 1966). 

Oviposition stimuli are more intensive in younger 99- In older 99 they have no 
significance, as fecundity is reduced and the 99 cannot overreach this reduced level 
even if the stimuli were very strong (broussal, 1966). 

2. Mating. A careful comparison of the fecundity of virgin and mated 99 of various 
species has dearly shown that differences can be found among them. Generally, 
mated 99 show greater fecundity as compared to the virgin 99- Mating, consequently, 
means a stimulation of fecundity. 

Arthur (1945) ascertained the fecundity of Aphidius avenae mated 99 to be clearly 
higher than in virgin ones. 
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Average number of strikes per parasites 

1 10.2 


Table 3 . Number of ovi positional strikes of of Puson aguti when allowed free access 

to hosts for one hour per day on successive days. (D = Dead) (sekiiar, 1957). 


broussal (1966) recognized the differences in fecundity of early spring and aestival 
generations of Diaeretiella rapae ; however, in both these generations, mated 59 ex- 
hibited higher fecundity than virgin 5 ? (Table 4). 

3. Food. The role of adult food is not yet dear with respect to parasite fecundity. 
It seems that it represents a source of energy for a $ to attain greater longevity and 
deposit the whole egg supply in ease the host is present, but it also seems that it has 
no relation to the maturation of eggs. In any case, lack of food docs not result in 
ovisorption. (schlincer & hall, 1961, Trioxys compianatus). 

4. Mortality of progeny. A certain part of a 9 progeny is reduced due to natural 
mortality. Progeny that die in the egg or lower instar larva stage may not be recog- 
nized and this factor can partly obscure the picture of realized fecundity. 

5. Superparasitism or muhiparasitism means a relative wastage of eggs as only a 
single larva survives from the whole number of parasite developmental stages present 
in a single host. Superparasitism, therefore, affects the fecundity realized and may 
obscure its true picture. 

6. Size. There are unfortunately insufficient records on the relation of host size and 
parasite fecundity in aphidiids. The difference of parasite adults that emerged from 
various host instars will probably not be big, as the difference between the last instar 
and adult aphids, which represent mostly mummified stages, is not great. However, 
differences in fecundity may occur with respect to the size of parasite adults reared 
from different hosts. Widely specialized parasite species often attack various Hosts 
which differ greatly m size and so do the corresponding progeny of the parasites that 
emerge from *rch hoar. We am only mention t[lc dilfermce in size of Epkeims 

penmens rated from PreaphUusfnaim and those reared from Aphis ema- 
«nfornmately, svehaveno records on the influence on the feamdrty of different 
sizes ot the parasite adults. 

7. Host preference. There is no doubt that widely specialized spc ae s have certain 
“**? arC CVld f , [ 1 y P rrf « rcd - lt w ould be possible for parasites attacking less 

,ty wl " compared w,,h ,,,nr wh!n 

“°T l l 1966 * f d ° “P cnm “ ,! Diaeretiella rupee. This parasite evidently 
prefer! TStmerym train™-, Myzm peesiue being less attacked. When 10 ?9 of the 
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FECUNDITY 



Fig. 237. Fecundity of Diaereliella rapae in relation to various combinations of host 

numbers. Host: Brevicoryne brassicae. (broussal, 1966). normal evolution in 

presence of 5 hosts, single host present, single host and 5 hosts, 

5 hosts and single host. 


parasite were added to an equal mixture of Br. brassicae and M. persicae, there were 
only 5% of the eggs deposited in M. persicae of the total number of 4,975 eggs; 
Br. brassicae was clearly preferred. 

To recognize the influence of less preferred hosts on parasite fecundity, broussal 
added the same number of 10 to a number of M. persicae m pure culture; in this 
case, 4,999 eggs were laid; the fecundity was equal to that in the preferred host, 
Br. brassicae. 

However, further experiments in this direction arc necessary as host preference 
may also reveal a different intensity than in the case mentioned above. In some host 
species even a part of the parasite progeny may die because of less suitable host and 
this can obscure the realized fecundity of the parasite. 

8. Host density. It is generally known that to a considerable degree host density 
influences the realized fecundity of a parasite. Theoretically, when hosts are available, 
9? are capable of depositing their full supply of eggs. This dependence has been 
mentioned by several authors (schlincer & hall, i960, messenger & force, 1963, 
broussal 1966, etc.). Nevertheless, broussal recognized that great differences occur 
in dependence on various combinations of host numbers as well as host presence or 
absence (see: below in DiaeretieUa rapae). 

(a) Different host densities. When a single host was present for the whole lifetime 
of a parasite, 68.9 eggs were laid per $. This was an apparent reduction of the total 
fecundity (Fig. 237). 


FECUNDITY 



Fig. 238. Fecundity of Diaerehella rapae in relation to presence and absence of host. 

Host: Brtvicorync brassicae. (broussai, 1966 ). normal evolution, 

host present every second day, host present every third day, host 

present from 7th day. 


When a single host was present during the first 6 days and later 5 hosts were 
present for the rest of a parasite life, 457.5 eggs per $ were laid. 

When 5 hosts were present during the first 6 days, and a single host present for the 
rest of a parasite s life, 429 1 eggs were laid per 9- 

It is apparent how the host density can influence parasite fecundity. 

(b) Host presence or absence. Three variations of experiments were made(Fig. 238). 

When a host was absent during the first 6 days of 9 life, 442.5 eggs were produced 

per ?. With respect to the fecundity where 5 hosts were present, there was a decrease 
m the number of eggs, i c. 63.7 eggs only being laid (12%). 

When a host was present every other day, 497 eggs were produced per $, the 
decrease being negligible {9 7 eggs). 

When a host was present every third day, there were 383.2 eggs produced per 9 , 
the decrease being 123 eggs, i.e. 24%. 

It is clear tlut the fecundity of the parasite is reduced in the first and third expen- 
memt. In the second case, the absence of host for one day was compensated in the 
following day as to parasite fecundity. 

(c) Principles. First, it is necessary to stress the difference between potential and 
reantea fecundity. The potential fecundity is inherent, the eggs are produced with 
no dependense on host density. Host density has an influence on the realized fecundity 
ot the paracuc. A larger number of hosts causes an increase m the number of Lud 


94 



eggs up to a certain level per day, which is determined by the number of mature 
eggs in the ovaries. The age of the $ is important in case there is a lack of host for a 
long period, the presence of a host is not of great value for an old $, whose fecundity 
is reduced by age. All these influences ate overruled by the influence of temperature. 

9. Temperature defines the lower and upper limit of the rate of egg production. 
Below a lower limit, the rate of egg production is virtually zero. If temperature in- 
creases, the rate of egg production increases up to a maximum and then decreases at 
still higher temperatures until the upper limit is reached, when the rate again becomes 
zero (andrewartha & birch, 1954). This general rule may be illustrated by two 
examples of the aphidiid group: stary (1964) studied the influence of temperature 
on the realized fecundity of Aphidius megourae. In fluctuating low temperatures 
averaging io-I 4°C the average number of parasitized aphids was 20 aphids per $ 
parasite, with a minimum of 5 and maximum of 51, while the higher temperature 
averaging i 8-24°C showed the average number of 1 15 parasitized aphids per ?, with 
a minimum of 5 and maximum of 229 aphids. Similar results were obtained by 
messenger tc force (1963) in Praon exoletum : at temperatures averaging I2-5°C the 
average number of eggs per $ was 162, while under temperatures averaging 2i°C the 
number increased up to 300 eggs per $. 

10. Photoperiod. Fecundity is proportional to the rate of photoperiod. Theoretical- 
ly, if the photoperiod increases, the possibility of host and parasite meeting increases 
simultaneously. Thus, maximal fecundity has to be at the longest (24 hours) and the 
minimum fecundity at the shortest photoperiod (flanders). Nevertheless, broussal’s 
(1966) experiments disclosed that the fecundity of Diaereticlla rapae is proportional to 
the increase of photoperiod, bur the increase of fecundity reaches a certain level, 
which is determined by potential fecundity above which it cannot be increased even 
if the period were 24 hours. To show this in detail, some results of broussal must be 
mentioned (Table 4): D. rapae has maximal fecundity at 14 hours photoperiod 
(500 eggs). The fecundity decreases when the photoperiod is under tlus optimum 
(298.1 eggs at it hours). Nevertheless, the fecundity does not change substantially 
over this optimum, at 16 and 24 hours, respectively. 

A different photoperiod is responsible also for differences obtained when rearing 
early spring and aestival generations of D. rapae at 1 1 hours and 14 hours photoperiod 
conditions (Table 4). messenger (1964) also found that photoperiod influences the 
production of eggs in Praon exoletum in that the ?? tend to by more eggs when il- 
luminated than they do in the dark, hence, more eggs are laid during long days then 
in the shorter ones. 

11. Season. BROUSSAL (1966) ascertained apparent differences occurring in the 
fecundity of an early spring generation of Diaeretielb rapae that emerged from hiber- 
nating mummies, and the aestival generations. The differences w ere typical for each 
of the generations mentioned, disregarding whether the ?? were mated or virgin 
(Table 4). Moreover, the early spring generation lay only one series of eggs that 
mature during the pupal stage up to the emergence of the adult : no oogenesis occurs 
in the adult stage in this generation. On the other hand, oogenesis occurs during the 
whole adult life of the aestival generation, also dunng the period when the pupal 
portion of eggs was deposited (broussal 1961). 

Detailed research of fecundity of a species clearly shows that the action of the 
separate factors is complex. For example, in D. rapae we can see the influence of a 
parasite $’s age, mating, host species preference, host densities, temperature, photo- 
period and seasonal period ; only the research of separate factors under given con- 
stant conditions can show their true tebtions. The factors are also not equal as to 
their importance. 



Generation 

Mated x virgin 


Photoperiod 

in hours 



9? 

11 

14 

16 

24 


Mated 

179.2 

260.4 

263.2 

262.5 

First 

Virgin 

94-4 

118.8 

1 15.2 

122.8 


Difference 

84.8 

141.6 

148 

139.7 


Mated 

298.1 

508.4 

509 

499.6 

Aestival 

Virgin 

178 

281.8 

271 

277.8 


Difference 

120.1 

226.6 

238 

221.8 


Tabic 4 Fecundity of Diaeretitlla rapac $? in dependence on generation, mating and 
photoperiod, i. First generation— emerged from hibernating prepupae in spring, 2. 
Aestival generation. Conditions: + 2o°C, 80% R.H. (compiled from broussal, 1966). 


— number OF GENERATIONS per year. Conditions of environment determine also 
the fecundity of the parasites with respect to the number of generations per year. 
Principally, climatic conditions of a given zone arc the primary factor : consequently, 
the number of generations may vary even at the same plot or area in different years. 
Moreover, the separate generations are not strictly separated from each other but 
they overlap, tremblay (1964) recogntzed 15 - 16 generations of Lysiphlebus fabarum 
per year in Italy; hafez (1961) ascertained 6 to 1 1 generations of Diaereliella rapae in 
1959, and from 5 to 11 in i960, in the Netherlands. The number of generations may 
be also influenced by the diapause. 

- biological control. The changes in parasite reproductive capacity caused by a 
different photoperiod seem to be important also m parasite introduction, when the 
parasite species are introduced from a temperate zone to the tropics, etc. Theoretically, 
a shorter day in the tropics might also cause decrease of parasite fecundity when 
compared with its native home m a temperate zone. 

The knowledge of factors influencing reproductive capacity of the parasites, of the 
temperature and photoperiod namely, enables the controlling of mass-rearing con- 
ditions at an optimum level. Similarly, density relations must be also taken into con- 
sideration. 

The knowledge of the influences of temperature on parasite fecundity influences 
also the rate of cold storage of parasites. 

Host density in a given area of release have to be taken into account when the 
release numbers of an introduced species are prepared. 

references. 10, 21-3, 129, 153-8, 211, 294, 3< 58, 482-3, 497, 386, 635-7. 666, 679. 
681,753, 756-7.915-6,997, I0 <>3. 1005, 1019-22, 1023, 1062, mi, 1121, 1125, 1231, 
1238,1254,1271,1285,1295,1299.1304-5,1319. 


Rate oj Development 

Rate of development is an important part of the biology of parasites. The corre- 
sponding records may help us to separate various populations, recognize some of the 
factors that influence parasite distribution, interspecific relations, etc. Most of the 
records that can be found in the literature include only rather general data as to the 
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rate of development of various parasite species, (crjot 1944, Lysaphidtis plater tsis; 
Millan 1956, L. platensis; schlinger, iiagen, v.d. bosch 1960, Trioxys pallidus, 
SEDLAC, 1964, Diacretiella rapac; sharma 1965, Aphidius transcaspiaisi skriptshwsky 
1930, A. aveme, Ephedras plagiator; subba rao & sharma 1962, Trioxys ittdiais, etc.}. 
Some records show the difference in rate of development due to different periods of 
the season (essig 1911-12, Lysiphlebus testaceipes ; bodenheimer a Neumark 1955, 
Pauesia sp.). Other records mention the difference in developmental rates of the 
host and parasite with respect to parasite effectiveness {sedlag i 959). Nevertheless, 
we have relatively very few really detailed studies on the rate of development of 
parasite species (wiackowski J960; force a messenger 1965, etc.). 

*- factors. I. Temperature and relative humidity. Distribution of a parasite 
species is basically determined by two mam factors, by favourable abiotic and 
biotic conditions; the historical aspect is necessary as well, hut it is omitted 
here, (see; distribution). As to the first factor, which falls in this paragraph, it is 
apparent that a parasite species occurs in such places which are characterized 
by a certain range of temperature. The suitability of these conditions exhibits 
a number of degrees. The presence of a host is not necessary for the life of 
parasite adults, but it is necessary for the development and further occurrence of a 
parasite in a given plot. Nevertheless, as host and parasite are two different organisms, 
they may need various conditions of the environment. For this reason, their distribu- 
tion may be different to almost equal (see: distribution). A strictly specialized parasite 
species is restricted to the host distribution range or at least partially, while widely 
specialized spedes may exhibit wider distribution, etc. In ever)' case, the natural 
requirements of a species are very important when the influence of temperature and 
relative humidity on a parasite species is studied. 

Our work with the material of parasites usually consists of the three groups of 
data: 

(a.) Field observations. In the field, we can establish the general kind of habitat in 
which a species occurs, whether it prefers colder or warmer places, etc.. Similarly, 
the period of the season which it prefers is important. Field observations, too, show 
such phenomena as diapause, hibernation, etc., -which are the basic points for later 
laboratory studies. Microclimate conditions are also significant; for example, a 
microclimate inside curled leaves or inside a gall differs sigruficandy from that of the 
open environment . 


(b.) Records on weather enable us to establish the general data as to temperature, 
relative humidity, photoperiod during the occurrence period of the parasite. 

(c.) Laboratory observations. In the laboratory, we can recognize exact data on 
the influence of various constant and fluctuating temperatures and relative humidities, 
photoperiod, etc. Laboratory conditions give us the possibility of separating the 
influence of various factors, to distinguish the responses and peculiarities of separate 
parasite developmental stages, etc. 

Evaluation of laboratory observations enable us to understand, at least partially, 
the conditions that are required by a species in nature. Natural conditions must be 
kept as a criterion of laboratory conditions and vice versa. For example, records on 
parasites of Therioaphis Irifolii obtained m the field were later compared with those 
obtained in the laboratory, and results were used m the evaluation of the occurrence 
and spread of introduced parasites in the new environments (v.d. bosch et al., 1964, 
FORCE tc MESSENGER 1965). 

(d.) Sensitivity of developmental stages. There is a basic difference between separate 
developmental stages of parasites with respect to the influence of temperature and 
R.H. The aphidiids are typical parasitoids and this means that they spend a part of 



their life as free living insects, and the other part as parasites. It is clearly apparent 
that during the parasitic phase of their life the influence of abiotic factors is deter- 
mined through the host’s requirements on such conditions, while the free life of 
adults means a direct influence. 

A parasite egg can be influenced in two phases of its development: first, it may be 
influenced in the ?’s reproductive system, either being immature or mature, fertilized 
or unfertilized; further, when an egg is laid, it is influenced through the require- 
ments on temperature and R.H. of the host. An egg might survive quite well when 
being in a host, but it would be destroyed when the 9 is killed by the same conditions 
of temperature and R.H. than the host is able to support. Further, unfavourable 
conditions can also cause 3n egg not to be laid at all when high temperatures arrest 
the oviposition in parasite 99 (see: oviposition). 

The larval development of a parasite is characterized by the presence inside a host 
aphid. Consequently, all larval instars of a parasite are influenced through the host s 
response to conditions of the environment. There may be some difference in the last 
instar larva as it kills the aphid and is then influenced by the environmental conditions 
through the aphid skin or cocoon spun. 

Prepupa and pupa, similarly as the last instar larva in its final period, are character- 
ized by their occurrence inside a mummified aphid or a separate cocoon. Differences 
between the two kinds of pupation and the influence of environmental conditions 
were first recognized by dunn (1949), who found AphiJtus species to emerge from 
the cocoons, while Proon species failed to hatch under the same conditions. This, 
however, could be due to specific requirements of both the species to such conditions. 
Generally, although the Praon type of pupation is less common in the aphidiids, the 
species of this type arc distributed from temperate to tropical zones similarly to other 
aphidud species. 

The adult stage is the only stage which is influenced directly by various conditions 
of temperature and R.H. 

The various effects of environmental conditions on parasite stages when being free 
or present inside a host enable a practical conclusion that the parasite requirements on 
the conditions during the larval development are determined basically by the host; 
prepupal and pupal stage has a special position, while free living adults are character- 
ized by the true response of a parasite to the conditions of temperature and R-H. As 
the adult stage is just the stage which is basical as to the parasite survival and occurrence 
in a given environment, it is obvious that successful development of a parasitized 
aphid under certain conditions does not simultaneously mean that a parasite species 
may occur in these conditions as well. These situations are known to occur in praxis, 
where the adult inability to survive high temperature conditions restricts the parasite 
occurrence to cooler environments, although the host occurs m both the environments 
mentioned [Aphidnts smith ! and Acyrthosiphort pisuin , Therioaphis ttifoUi and its parasites 
in California, etc.). 

It is usual among the insects that a stage occurs in their development which is most 
favourable to the influence of a certain temperature and R.H. In aphidiids. as at least 
it seems, larval instars that live inside theaphids are capable of surviving high tempera- 
tures which could be fatal to pupae (stab*. 1964). I n general, the prepupa to pupa 
stage seems to be very resistant to low temperatures (iiafez 1961, star^ 1964) as well 
as to high temperatures (see: force & messenger 1965). 

With respect to temperature and R.H. requirements, wc can divide parasite devel- 
opment into three phases (i)oviposition-hostmummification.(2)mummification- 
cmergcnce. (3) emergence - adult life. The relative lengths of these phases can vary, 
for example, while in apparently optimal conditions the period infestation - mum- 



unification, and mummification - emergence was the same, with decreasing tempera* 
ture the first period grew gradually longer than the second one in AphiJius megoitrae 

( ST ARY 1964). 

(e) Tolerance range. Bate of development in a parasite species is restricted by 
upper and lower temperature limits. According to wiackowsri (i960) the develop- 
ment of AphiJius smiths was observed at temperatures between 35 - 90°F, but at and 
below 3 s°F and above 90°F no development occurred. At so°F the development was 
longest (79 - 96 days). R.H. conditions were also found to be of importance. 

Constant conditions enable us to ascertain the detailed response ofa parasite species 
to a given temperature. However, as is known, the conditions that occur in nature 
are fluctuating, they could include also extreme temperatures, which might be 
harmful to the parasites, wiackowsri (i960) found that AphiJius smithi is not resistant 
to extreme changes in temperature and R.H. conditions in California in summer; in 
tests kept in natural conditions with a fluctuating temperature (50-i20°F) and 
80 - 100% R.H. no emergence occurred. 

It is known (andrewartha a- birch 1954) that exposure to a high temperature 
exhibits a certain delay in action in that not the stage exposed but the one following 
dies in consequence; in such a case, the true harmful effect of temperature is not fully 
apparent. As ascertained by stary (1964) in AphiJius megourae, over 34°C the larvae 
present in parasitized aphids were able to develop but in mummified aphids the 
parasite died, consequently, we can presume that after the host aphid was killed the 
high temperature conditions were unfavourable to the last instar larva, but it was 
stUl able to spin the cocoon, although the parasite died some time during the next 
stage and no emergence occurred. In many species, high temperatures induce quiescent 
states (see: seasonal history) in which the parasite species are able to survive these 
adverse conditions. 

The origin ofa parasite species or population highly determines its response to low 
temperatures. It is known that species from temperate climates often have a stage in 
the life cycle especially adapted to survive exposure to extreme cold. Such stages are 
called cold-hardy stages (andrewartha a birch 1954). All stages of tropical and sub- 
tropical species can lack a similar adaptation. As observations of many authors (see: 
seasonal history) show, cold winter conditions are spent in prepupa-pupa stage m a 
temperate zone. This stage could, therefore, be designated to be cold-hardy. Adult 
parasites, although known to be capable of surviving rather low temperature condi- 
tions, are not able to survive the whole winter, and egg-larval mstars depend on the 
existence of a live aphid and winter is passed in an egg stage m aphids in the temperate 
zone. 

2. Photoperiod. For the time being we have no records on the influence of photo- 
period on the rate of development, broussal (1966) ascertained various differences in 
parasite longevity, fecundity etc,, with respect to photoperiod conditions, but there 
are no records on the rate of development included. 

3 . Host and food. Both the larval and imaginal food may have an influence on the 
rate of development. Unfortunately, we have no detailed records on the rate of 
development of parasite species in dependence on different species of their hosts. 

4. Superparasitism, force a messenger (1965) recognized that in cases of super- 
parasmsm in Praon exoletum the larva that survives develops somewhat more slowly 
than larvae of the same age that develop in non-superparasitized aphids. Super- 
parasitism, therefore, means a slower rate of development. 

- biological control. It is apparent that laboratory studies require as many general 
field observations as possible. Ail notes should be included as brief comment m the 
samples of spedes that are selected for biological control purposes. These notes can be 



rather helpful in further studies; they enable us to understand the occurrence and 
spread of the parasite in the new environments, etc. Parasites of Therioapkis trifohi in 
California (v. d, bosch ct al., 1964) can be mentioned as a practical example. 

A parasite species must be released in such a stage that it is capable of surviving 
under the given conditions. Further, the ability of a given stage to survive extreme 
conditions of temperature and R.H. must be carefully examined as they can represent 
one of the reasons why a species fails to establish. It is necessary to stress that extreme 
climatic conditions in nature may occur once in several years. In the laboratory, certain 
adaptations may gradually be developed in less suitable populations of parasites 
(acclimatization). 

A comparison of developmental rates of several introduced species is also one of the 
characteristics which help us in classifying the interspecific relations among the 
parasite species (see : interspecific relations). 

The knowledge of the rate of development of the host and the parasite at various 
periods of the season enables us to establish their number of generations per year, 
seasonal coincidence of host and parasite, and partially also the effectiveness of the 
parasite. 

- Rearing. The ascertainment of optimum temperatures and R.H. conditions for 
parasite rearing purposes is a necessary part of a biological control program. Optimum 
rearing conditions for the host and for the parasite can be different. Less favourable 
conditions can induce a diapause state in the parasite, while host aphid may continue 
its development (see: debach a schuncer, 1964). 

Cold storage. The limit of temperature for parasite cold storage must be well 
determined so as not to harm the storage material. Similarly, the period for which the 
material can be stored in various temperatures must be known. Conditions of cold 
storage are known to possibly unfavourably influence the sexual products of a para- 
site, although the parasite adults may not be damaged (see: wiackowski i960, 1962). 

REFERENCES. 10, 98, 128, 130, 30t, 332, 419, 428, 482, 497, 5 1 6, 653, 7 62, 965. IOOI. 
1019-22, IO39, 1062, XIII, X 121, 1125, II58, 1162, J23I, 1266, 1295, 1299, 1319- 


Dispersal 

Dispersal is a recurrent local movement within the geographic area of the species 
(smith, 1959)- Certain environmental influences such as weather, population densities, 
man s agency, etc., may cause a temporary lack of a species in certain parts of the 
distribution area. Because of dispersal, the populations are able to rccolonize such 
areas after the unfavourable changes in the environment cease to occur. Every species 
has an innate tendency toward dispersal (andrewartha & birch, 1934). In the history 
of a species, dispersal is of a common occurrence (smith, 1959). 

- MODE Of dispersal. Aphid parasites disperse in various way s. We can recognize 
several modes of dispersal in this respect, a parasite population, however, may disperse 
using all the possibilities mentioned below, as there are certain preferences or restric- 
tions that are determined by the parasite developmental stage, host specificity range, 
searching bcliaviour, etc. 

In some species, flight of adults may commonly be observed under certain condi- 
tions m nature. For example, Praon abjecium adults mav often be found to fly and 
disperse over the plants, cither „ searching for hosts or 33 searching for Flight 
activity is naturally dependent on weather conditions, the adults preferring to run 
under less favourable « eather conditions Flight seems to be important namely w hen 


too 



the adults disperse over various parts of a large plant such as trees or shrubs, or when 
they disperse to other plant specimens. 

Passive flight seems to occur in eases of parasite adult dispersal over longer dis- 
tances. In some eases, it seems to exhibit similar features as the passive flight in aphids. 
For example, passive flight as a mode of parasite dispersal was mentioned by some 
American authors in the case of Scltizaph is gratiunnm parasites, i.c. Lysiphlebiis testa- 
cripes, when the parasites were observed to disperse in masses following the dispersing 
aphids (spencer, 1926) from southern to northern districts. 

Running is a common mode of dispersal of parasite adults commonly observed in 
many species. It is used when searching for the host on a plant. However, certain 
species such as Lysiphlebiis fabantm seem to prefer running as the mode of adult 
dispersal. 

Apterous parasitized aphids do not exhibit changes in behaviour in the case there is 
a lower developmental stage of parasite present in them. In consequence they may 
disperse over a plant in search for better food sources like the non-parasitized aphids 
do. They may, too, disperse to other plants in the neighbourhood. However, parasite 
searching behaviour and influence of parasite on the host play a significant role. In 
some aphids, the parasitized aphids just before being mummified leave the colony 
and are found isolated while other apliids do not. This was observed and well docu- 
mented by e.g. scheurer ( 1964 ) in some Cmaro-spccics, and these observations can be 
supported by our own. Parasitized aphids, before being mummified, too, may leave 
the colony and occur in a place where living aphids can hardly be found: for example 
parasitized Acyrthosiphon pisnm may commonly be observed on the upper side of older 
alfalfa leaves, which healthy aphids do not usually frequent. Different dispersal of 
parasitized aphids over a plant may be also caused by the parasite searching behaviour 
as mentioned by george ( 1957 ). According to liis observations, parasmsation of 
Brcvicoryuc brassicae by Diaeretiella rapac m the upper leaves of Brassica plants was 
found remarkably high, and this was explained by parasite biology: on the upper 
leaves, colonies of aphids tend to be small and diffuse, the parasite does not make a 
long search for aphids as they are sufficiently numerous, and therefore a large propor- 
tion are parasitized. On the middle and lower leaves, where the aphid eolomes are 
more dense, the parasites tend to restrict oviposition to these individuals at the edge of 
a colony because the wax and honeydew quickly immobilize them. However, the 
aphids in large colonies increase at such a rate that the parasites available can attack 
only a small part of them. In other cases (e.g. Lysiphlebus fabanim and TriiKcys ungefirae 
parasitizing Aphis fabae), parasites attack suitable aphids systematically and gradually, 
and the parasitized aphids remain as other aphids in the colony. Gradually, if heavily 
infested, a “colony” of mummified aphids may appear. In other cases still, mummi- 
fied aphids may be observed to be dispersed over the plant, although they originally 
were present in a colony. The isolation of aphid mummies is either due to the migra- 
tion of aphids to new leaves, the immobile mummified aphids being left at the origi- 
nal places. Such a case may commonly be observed in Macrosiphum rosae parasitized 
by Aphidius rosae on Rosa spp. Or the emigration of non-parasmzed aphids from 
the colony, mummified aphids being left behind, may be of a similar result. Example : 
Aphid mummies found on Euoityinus europaea leaves after emigration of Aphis fabae 
in spring. 

Alate parasitized aphids occur depending on host instar preference by the $ parasite. 
In some parasite species mostly lower instar aphids are preferred and thus aphids are 
mummified before reaching maturity ; in such a case, higher mstar aphids are attacked 
only occasionally, the dispersal of parasites through parasitized alate aphids conse- 
quently being rare. Other parasite species prefer higher instar aphids, so that a certain 



part of the parasite progeny may disperse via alate parasitized aphids. Example: Praoti 
abjectum— Aphis fabae. In other cases, alate aphids are exclusively parasitized, because 
there are either no apterous adults produced { Drepanosiphon platanoides — Dyscrilufus 
pbniceps),ot the parasite occurs at a time when alate aphids are prevalent (Trioxys 
phyHaphidis — Phyllaphis fagi in C. Europe). 

-kinds of dispersal. Every species has an innate tendency to disperse (andre- 
wartiia a birch, 1954). Under natural conditions the population of a species dis- 
perses to search for hosts and mates, because of unfavourable weather conditions, high 
population density, etc. Therefore, dispersal occurs in nature irrespective of man. 

Under certain conditions man may accidentally or purposely cause the species to 
disperse. Agriculture, connected with large changes in field environment every year, 
causes the parasites to occur in certain places (chronic foci) and disperse from there to 
the neighbouring cultivated areas in which they arc directly or indirectly suppressed in 
a certain part of the season due to agrotechnical activities of man. Large areas of fields 
arc rather extensive places where aphids can find a considerable amount of food, they 
disperse to the fields in consequence. Naturally, being host organisms, they arc soon 
followed by the appearance of parasites and other natural enemies. Thus agriculture 
by producing large plots of suitable environment that arc primarily un-inhabited by 
aphids and parasites (spring) gives them a chance to disperse there in certain parts of 
the season. On the other hand, the tendency of a parasite species to disperse over 
suitable environments may be purposely used in biological and integrated control of 
aphid pests: certain uncultivated plots arc protected as they are known to represent 
foci from which the parasites disperse to the cultivated neighbourhood. Similarly, 
certain plots are left untreated during treatment to preserve the parasites that later 
disperse to the treated neighbourhood and attack the rc-colonizcd pest aphids or those 
that survived the treatment. Furthermore, in the introduction of species from abroad, 
the parasites arc released in certain plots and expected to disperse from there to other 
suitable environments. 

-host-parasite relations. Although being a relatively well adapted parasite 
group, the aphidiids exhibit naturally different features as to dispersal than the aphids. 
Several opinions illustrate these differences: 

- Mode of dispersal - Aphids generally are much more powerful in dispersal than 
parasites. This is apparently due to their dispersal through alate adults. The parasites 
are slower in dispersal, except perhaps where their developmental stages are trans- 
ferred via alate parasitized aphids to new environments. 

-Progeny -A further advantage of aphids with respect to the parasites is their 
dispersal as parthenogenctic progeny. This feature enables them to establish and repro- 
duce easily in new environments. The parasites, on the contrary, arc mostly biparental 
species. They must therefore disperse in a certain density that enables thedd to find 
and mate the ??. otherwise only <J progeny is produced by unfertilized 22 and the 
population dispersed fails to establish. There are also certain cases of parthenogenctic 
reproduction known in the parasites, where the 9 progeny exclusively or mostly is 
produced by unfertilized 22, but these cases are relatively few, in the latter case, the 
aphid advantage is somewhat lower. 

-Ovi position -TTic type of opposition is basically different in both the groups. 
Generally, the aphids produce progeny that occur near the $ and the colony origi- 
nates. A 2 parasite must search for suitable hosts m such colonies, therefore, its eggs 
arc dispersed m accordance with the presence of the hosts. The parasites are conse- 
quently dispersed m the frame of a given colony, while the aphids form a more or 
less close single aggregation (secondary dispersal of aphids is not dealt with). On the 
other hind, one aphid 2 may begin one or several colonics depending on whether it 



crawls over a plant or not; the parasite, on the contrary, mostly attacks various aphid 
colonies, its dispersion of eggs being consequently relatively greater with respect to a 
single aphid progeny. 

-Quantity- Aphids arc known to produce rather a great quantity of progeny 
including alate specimens that disperse. Although a part of this progeny faUs to 
establish itself for various reasons, the rest is numerous enough to cover extensive 
areas. The parasites, on the contrary, are less numerous as to the number of dispersing 
specimens. 

- Colonial type of aphid distribution - The basic behaviour of aphids is of the colo- 
nial type. Generally, a parthenogcnctic $ produces nymphs that stay near the 9 and a 
colony gradually originates in consequence. There may be various seasonal differ- 
ences due to senescence of leaves or stems, density of colony, or special shelters may 
be searched for by the aphids to deposit winter eggs, etc., but the primary colonial 
type of occurrence remains the same. 

The parasites do not exhibit a colonial behaviour, although they are density 
dependent. Searching behaviour, host instar preference, and oviposition behaviour 
are the other features that are peculiar to the parasite group. 

- Searching ability - Aphids, because of their movements through the alate speci- 
mens, are able to find the host plant relatively easily due to the combination of passive 
and active flight. Large plots of monocultures grown in a cultivated landscape seem 
to give many aphid species just a suitable possibility to find their host plants without 
difficulty. The parasites must search for aphids, either individuals or colonies, and 
this is much more difficult. In many cases, the parasites find the aphids after they have 
produced a certain amount of progeny and this numerical advantage is later not 
overtaken by the parasites. 

- Rate of development, number of generations - Aphids have a shorter rate of 
development and produce more generations per year than the parasites. This feature 
enables them to produce more progeny that may disperse as well. 

- Seasonal history - Host-parasite relationship determines also the seasonal history of 
aphids and their parasites. The parasites, if they have to find their hosts, must occur 
somewhat later m the season than their hosts. For this reason, a shorter or longer 
interval occurs between the appearance of aphids and their parasites in spring (tem- 
perate zone). This, and other features such as rate of development, etc., enable the 
aphids to disperse earlier than then parasites. 

- Induction of dispersal - This is also different in aphids and in parasites. In aphids, 
dispersal is usually induced either by host plant conditions or by population density 
in a colony. The parasite dispersal is induced by the conditions that occur in the host 
population as well as by their own population density. The parasites are basically 
density-dependent. 

- Environment - Aphid and parasite dispersal is also very influenced by the environ- 
ment. In certain environments, such as cultivated fields, some aphid species can 
disperse easily, while such environments are most unsuitable for parasite dispersal 
(absence of foci, mode of dispersal, unstable character of the community, etc.). 

- Habitat dependence - As we have shown in various parts of this paper the parasites 
are basically habitat-dependent, i.e. they are to be found in certain kinds of habitat, 
they never alternate kinds of habitats. Some aphids (heteroecious species in the tem- 
perate zone) alternate obligatorily hosts together with habitat alternation, connected 
with dispersal as well. The parasites do not follow these heteroecious species to the 
new environments but theyare adapted in some way to survive the period of aphid 
absence in a given type of habitat, i.e. either by a udder host specificity range or by 
developing quiescent states. Therefore, parasites disperse — following their host aphids 



or searching for other hosts — in the frame of a given type of habitat, they never 
follow their hosts to another kind of habitat (forest, steppe, etc.). As a proof of this 
statement the occurrence of different parasite complexes in different habitats of the 
temperate zone may be mentioned; were the parasites to follow their dioecious hosts 
there would be no such difference. The above statement must be stressed as there are 
certain opinions mentioned in literature (mackauer, 1961, franz, 1964) that hetcroe- 
cious aphids transport their specialized internal parasites from one host plant to the 
next. This opinion is incorrect with respect to hctcroccious aphids and their parasites: 
first, heteroecious aphids do not exhibit strictly specialized parasites, on the contrary, 
their parasites are widely specialized, or to a lesser degree, they have developed 
quiescent states as a response to temporary host absence. Secondly, if the parasites arc 
really transferred via parasitized alatc aphids to habitats of another kind, they mostly 
die due to unfavourable conditions of microclimate, otherwise there would be no 
differentiated parasite complexes attacking heteroecious aphids in different kinds of 
habitats. Under certain conditions we can find mixed complexes, but this is probably 
due to habitat peculiarities (see: Seasonal history). Aphid dispersal through migration, 
therefore, may make the aphids free from parasite attack for a short time — before the 
parasites arc able to find them, but this docs not mean that the aphids are free of 
parasites because of migration. Even in cases of obligatory host alternation this 
dispersal docs not make the aphids free from parasite action as they fall under the 
influence of another parasite complex. This is true for natural environments, while 
there can be a somewhat different situation in cultivated fields, where the parasites 
may be absent and disperse to such plots only gradually from the neighbourhood; 
nevertheless, also in this case, the parasites are members of a corresponding parasite 
complex. 

- Microhabitat - The requirements of host aphids and their parasites as to the micro- 
habitat are not perfectly equal, they may differ to a higher or lower degree. As a result 
of this, an aphid species may be attacked in a frame of habitats of the same kind by 
several parasite species, which occur in different microhabitats, moreover, there may 
be certain gaps and in some microhabitats the aphid is not parasitized at all. The aphid, 
naturally, disperses disregarding the microhabitat distribution of parasites. If the 
parasites are dispersed via alatc parasitized aphids, they may fall under such micro- 
habitat conditions which they arc unable to survive and die in consequence. This was 
observed in Therioaphis trifolii and its parasites, Praon exoletum and Trioxys conipfanatus 
(see: v. d. boscii et ah, 1964, etc.), and in Acyrthosiphon pisum and its parasite Aphiditis 
smith! (see: v. d. boscii ct ah, 1964) in some districts of California, Such a relationship 
is believed to be quite common among the aphids and parasites. 

- Host specificity — In specialized parasites, the range of their host specificity forces 
them to disperse following their host aphids or to develop a special adaptation 
(quiescent state). Widely specialized parasites, however, may find several hosts in a 
given habitat or nor. In the former case, the)' do not disperse from a given plot but 
they attack colonies of other host aphid species present. In the second case mentioned, 
the parasites naturally disperse to the neighbourhood searching for other host species. 

- Paras, ttza^on and aphid dispersal. Parasite larvae of low instars do not cause any 
apparent effects as to aphid mobility and consequently neither to their dispersal. Doth 
apterous and alatc parasitized aphid nymphs or adults disperse in the same way as the 
non-parasmz«i aphids Higher mstar parasite larvae cause gradual sluggishness of the 
parasitized aphids, such aphids move more and more slowly and apparently disperse 
las intensively too, in some cases the parasitized aphids leave the colony; such a 
dispersal, how ever, is rather short as to distance. 

- 1 «nn efthe r arauti;ed aphid. Parasites are known to attack generally all the aphid 
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forms except the eggs and quiescent nymphs and adults. The further fate of parasites 
is dependent on the dispersal movements of corresponding aphid forms and influ- 
enced by the host instar preference of the parasite $. Apterous forms, being sexual or 
parthenogenetic, exhibit naturally less dispersal as to the distance reached than the 
alatc aphids. 

In certain cases, dispersal of parasites can be influenced directly through movements 
of aphids that are just conditioned by a given form. According to the observations of 
v. D. BOSCH, SCHLINGER & iiagen (1962) there was a tendency observed in parasitized 
Chromaphis jttqlatiJicola aphids (parasite: Trioxys pal! i Jus) to move from the leaves and 
seek sheltered places on twigs and brandies, these movements being due to their 
searching for opposition sites for the autumn. 

- Host specificity. Host specificity of parasites plays an important role in parasite 
dispersal. Host instar preference of the parasite $ seems to play a more important role 
than the host range. 

Parasites that attack aphids in low instars kill them before the aphids reach maturity 
so that there is no possibility for such parasites to be dispersed through parasitized 
adult alate aphids. It seems that the greatest part of aphiduds belong to this group. 
Naturally, host instar preference possibility plays also a part so tliat sometimes other 
less suitable instars may be attacked and another mode of dispersal is also possible in 
consequence. However, observations on host specificity of parasites undertaken by 
various authors (sec: Host sperifidty) clearly show that there is an obvious preference 
in the parasite developed as to the infestation of various host instars. 

Other parasite species prefer the higher aphid instars, so that they kill the aphids 
only a certain time after they have reached the adult stage. In this cast, the parasite 
larvae of lower instars may be transferred by parasitized alate aphids. In some species 
such a type of host preference is common whether the aphids arc alate or not (Praou 
abjectum, Pr. exoletum), however, the greatest percentage of alate nymphs’ occurrence 
in aphid progeny causes also the great percentage of such nymphs to be parasitized 
and consequently in certain periods of the year the dispersal of the parasite through 
alate parasitized aphids may be low or prevalent. In certain aphids, such as Drepano- 
uphuin platauoiJes (kennedy 1966) alate adults occur exclusively; if the parasites 
attack higher instar aphids, their dispersal follows via alate parasitized aphids as well 
(Dyscritulus plauiceps). 

- Oviposition behaviour. Oviposition behaviour of parasites causes the various dis- 
persal of eggs inside an aphid colony. Some parasites attack the aphids rather system- 
atically in 3 colony (Lysiphlebus fabamm, etc.), so that we can often find a colony to be 
almost completely parasitized. The other parasites attack aphids rather unsystemat- 
ically, the parasitized aphids being found in various places in a colony ( AphiJius ervi ). 

Host instar preference and reaction of attacked aphid and corresponding parasite 
adaptation play also a part. If a 9 lays its eggs systematically in the case of the presence 
of suitable host instars, the eggs, i.e. parasitized aphids will be less dispersed than in 
case the $ must search for suitable host instars in a colony. Similarly, if the attacked 
aphid exhibits rather a strong defensive reaction, the parasite may be stimulated and 
run away for a distance before attacking another aphid. In some cases, the infestation 
of an aphid by a parasite may cause the aphids to disperse and crawl from the original 
place; this was observed by vevai (1942) in Myzus persicae and its parasite AphiJius 
tnatricariae, and may be confirmed by various observations of our own made on other 
aphids and parasites. 

-Host-parasite laboratory ecosystems. Two influences of parasite dispersal on host- 
parasite laboratory ecosystems have been distinguished up till now: 
way ( 1966) found that in systems containing only Brevicorytte brassicae and Diaere- 



della rapae the host was quickly eliminated when the parasite dispersal was prevented, 
but with dispersing aphids and parasites removed, an oscillating host population was 
maintained for over 3 00 days. 

PIMCNTAL tc AL-HAflDH (1963), dealing with Diaeretiella rapae and Myzus persicae, 
found thatsevere parasite pressure causes the host population to declincand eventually 
to break up into small colonies. If at this time the environment provides adequate 
space, colonics tend to remain separated, making the distribution of the ho 5 t discon- 
tinuous and relatively inaccessible for the parasite. The relative inaccessibility of host 
colonies in space, allows some host colonies to reproduce undisturbed and contribute 
to the maintenance of the host population before the parasite finds and destroys the 
colony. Therefore, in laboratory ecosystems, intensive parasite action caused host 
dispersal. However, this kind of aphid dispersal is different from dispersal of aphids 
due to migration as is found in nature; here, the aphids primarily tend to disperse, the 
possible temporary escape from parasite action being only a secondary feature. 

- INDUCTION OF dispersal. Besides its innate character, dispersal of parasites may be 
influenced by various density independent and density dependent factors: 

- IVeather. Seasonal occurrence of parasite species is primarily conditioned the same 
as with plants and aphids, by climatic conditions. Under certain conditions, the adult 
parasites emerge in spring, produce progeny, and dispersal takes place. Weather con- 
ditions, too, may cause the aphid host plant to grow more intensively; inconsequence 
the aphids may emigrate from the plants rather soon, before the parasites were able to 
reach certain population levels; due to the emigration of aphids in such a period that 
is unfavourable for parasite density, the dispersal of parasites can be also lower than 
if aphids stayed for a longer time on a given host plant. Similarly, other weather 
conditions may cause the parasites to enter quiescent states and consequently they do 
not then disperse. 

- lhiman agency. Certain areas such as many fields, etc., are deeply influenced by 
agriculture (tillage) in the autumn; various insects, including aphid parasites, disperse 
to these areas in other periods of the season or in the following year. In leguminous 
annualcrops for example, suchas Vicia faba, we can easily see, first, the entire lack of 
aphids and parasites altogether ; later, alatc Acyrthosiphon pisum aphids begin to appear, 
they reproduce and aphid colonies originate in consequence, and only after these 
colonics are established the dispersal of parasites may be observed too ; both the aphid 
and parasite disperse mostly from fields of perennial leguminous crops in this case. 
Under natural conditions, however, wc do not find such monocultures; crop fields 
are a typical association developed by agriculture. Chemical treatments by selective 
insecticides may seemingly influence the parasite dispersal as well due to decreased 
density relations favouring the parasite. 

- Hast papulation density. Low density of host population causes the parasites to 
disperse and search for oilier hosts in the neighbourhood. However, searching ability 
plays also a part, determining tbc degree of parasite dispersal from a given plot. 
Species with low searching ability seem to disperse more easily than specie* with a 
greater aptitude, i.c. specie* that arc able to find host* at a very low level in a gi'™ 
plot. F migration of aphids from a colony forces the parasites emerged to disperse in 
the neighbourhood and search for other hosts. either of the same or of other specie*. 
Similarly, low host aphid population density in cases w here the host plant condition* 
are favourable, means less or almost no alatc aphid specimens, there is also 1«* 
probability for the parasite lo disperse vie parasitized alatc aphids. 

~ /vpu-Wn <£01117. According to way (tpftj, and this opinion seem* to be 

well justified, natural enemies of aphids can also be influenced by the numbers of 
their own species, t e. when the l<xal density of the natural enemy population rises 



above a critical level there is mutual interference which stimulates some individuals 
to disperse. Natural dispersal is mentioned as usually occurring when the amount of 
mutual interference is below that which induces significant cannibalism, the infre- 
quency of multiparasitism in nature being presented as one of the examples. The 
above mentioned opinion seems really to be true for the case of aphidiid parasites as 
well. However, according to our opinion, other aspects have too to be mentioned. A 
low multiparasitism in nature is believed mainly to be due to the cooperation among 
the parasite species, i.c. due to the lack of perfect ecological homologucs; dispersal of 
separate parasite species to avoid multiparasitism seems to be perhaps a feature of 
poor cooperation among the parasites in a given system, as in well-balanced natural 
systems, competition among the species through multiparasitism is prevented through 
their different seasonal occurrence, host instar preference, etc., and finally, by the 
occurrence and action of hyperparasites, which reduce the number of a parasite 
species population to a community-dependent level. In less stable communities, 
though, there may be competition or even displacement of one species by another 
one. Naturally, under certain conditions, multiparasitism can also be a density-depen- 
dent phenomenon (laboratory' ecosystems, etc.). 

Superparasitism is believed to be a more useful example. It is well known that 
superparasitism is relatively rare or low under natural conditions, being common in 
the laboratory, however. Its rare occurrence in nature can be classified as a result of 
parasite dispersal possibilities. Naturally, also in this case, hyperparasites can be im- 
portant in reducing a parasite population to a certain level. 

- foci. As we have mentioned, foci of parasites arc important just as sources from 
which the parasites disperse in the neighbourhood. Generali)', because of our results 
obtained in the classification of parasites with respect to the habitats, there is no doubt 
that the parasites disperse from the foci merely in the habitat of a similar type. With 
respect to the features influencing the parasite dispersal, it is evident that the role of 
foci will be influenced by the same factors. Density dependence of host and parasite 
populations seems to be perhaps the most significant. Although this feature is specif- 
ically dependent, we can expect that the parasites will disperse from the foci, either 
chronic or temporary, after having reached a certain population density. A still 
unsolved problem is whether the widely specialized parasites keep all their host 
species occurring in the focus as a singlepopulation or not. In the case of monospecific 
foci this problem does not exist. A similar problem is the response of the parasite in 
the foci to the immigration of aphids to the focus, the latter case being a density 
independent matter with respect to parasite population present m the focus. 

-rapidity of dispersal. For the time being we have no detailed records as to 
parasite dispersal. However, dispersal of parasites via alate parasitized aphids may be 
established from the rapidity of spread of introduced parasites to new territories 
where their host had occurred earlier. 

Praou cxoleftim (= pulifiuis): the rapidity of its spread was rather strikingly demon- 
strated in the Mojave Desert in California in the autumn of 1956 when it was carried 
by parasitized alate aphids from the Antelope Valley to the Mojave River Valley, a 
distance of about 40 miles. Similarly, in the south San Joaquim Valley the same 
species was observed to spread from a single colonization site over an area of about 
700 square miles in the autumn of 1956 (v. d. bosch et at., 1959). For similar records 
sec: Spread of parasites. 

The rapidity of dispersal depends therefore on the mode of dispersal that is preva- 
lent in a certain species. Iflow instar aphids are preferred by the $?, the dispersal will 
probably be very low as almost no alate adult aphids will appear containing parasite 
larvae. 



Generally, it seems that the dispersal of parasites via parasitized alatc aphids is the 
most powerful as to rapidity, though it depends on other factors, such as suitability of 
microhabitat, etc. The records on passive flight of parasites are rather poor to enable 
a generalization. 

- cooperation AMONG natural enemies is the basic interspecific relation, although 
their mutual influence can also include competition or even displacement. This coop- 
eration of natural enemies with respect to aphid dispersal can be recognize d in their 
complementary action, as most individuals which arc not found by one natural 
enemy will be detected by another (franz, 1964)- This feature of host-natural enemy 
dispersal dependence is evident from the comparison of the mode of dispersal of 
aphids and that of natural enemies, which include quite a number of various predatory 
and parasitic groups. The dispersal of aphids, therefore, is soon followed by the 
dispersal of one or another of its natural enemies. From this point of view, aphids 
sometimes are not attacked by parasites for various reasons, such as poor dispersal, but 
they will probably be attacked by other natural enemies owing to their complemen- 
tary action. This state, of course, is true for stable communities, while this cooperation 
can be less apparent in unstable environments. The situation is quite different in the 
ease of introduced pest aphids, which are usually introduced without their natural 
enemies, or with only a part of their original natural enemy complex. In consequence, 
various gaps usually appear in aphid limitation by natural enemies in the new envi- 
ronment, and if other factors of the new environment arc also favourable, serious out- 
breaks may also originate. Thcrioaphis trifolii in California can be mentioned as an 
example (see: smith, 1959). 

- aphid-attendance by ants. Aphid attending ants seem to exhibit two kinds of 
relations with respect to the dispersal of parasites: Many species of ants arc known to 
transfer aphids over a plant, causing their dispersal. The ant Lasius fuliginosus 1. for 
example was observed to transfer young aphids (Sfomaplus to upper parts of 

the tree on suitable branches, where conditions for the aphids are more favourable, 
resulting also in greater production of honey-dew, this being useful for the ants 
(COIDANICH, 1958). A similar kind of aphid transport by ants was also described by 
BODENHHMrR & swirski(i957), in eases of certain root aphids. Although there are no 
records as to the parasites, it seems to be quite possible for the ants to transfer also 
parasitized aphids that contain low instar parasite larvae. 

As we have mentioned in a separate paragraph on parasite - ants relationship, there 
is a peculiar ease known to occur in Lasius and ParaUpsis eiiervis relationship. The ants 
mutilate large portions of parasite wings, thereby making the flight of the parasite 
impossible, simultaneously, they lower the dispersal possibility through flight. This 
behaviour may perhaps be intentional, as there is a mutual relationship between the 
am and parasite mentioned. 

- imcrtviNUS. Dispersal of parasites generally can have the follosvmg conse- 
quences: first, the number of dispersing specimens means a lowering of the total 
population present in a given plot. Second, the parasite can attack the host in other 
plots toss. Dispersal, being induced by the density of hosts, parasites, and their relations 
(see: » ay, 1 '//■). is significantly useful with respect to host-parasite relations in time 
and space. Rapid dispersal and high searching capacity are phenomena of an effective 
para«tc(il ciyis, 1 </©) enabling an early discovery of the hosts, at low densities and in 
various environments. A number of such examples could be mentioned in addition 
to those where poor and slow dispersal of parasites makes them poorly effective also. 
The latter phenomenon of parasites seems to be rathcT important in umtablecnviron- 
tnems for instance. 

In Certain eases, however, ditpeml mas have also temporary ads-erse effects as to 



parasite effectiveness. An example may be presented here: Praon exoletum was found 
by schlinger & hall (i960) to exhibit a greater dispersal than the other parasites of 
Thcrioaphis trifolii in California, as it is dispersed via parasitized alatc aphids for 
considerable distances. This was found to be possibly a good trait for the species at 
certain times, but at the same time it was a feature limiting the local parasite effec- 
tiveness in a given area : m certain areas of California, the alatc aphids were produced 
in great numbers during the summer. These aphids, both non-parasitized and con- 
taining low' instar parasite larvae, were carried by the strong prevailing winds for a 
considerable distance. At the same time no aphid or parasite population was brought 
into the 3rea by the incoming winds, the local effectiveness of the parasite being 
temporarily interrupted. 

- control. Dispersal of parasites, cither indigenous or introduced species, represents 
an important matter in biological and integrated control programs. In cases of 
indigenous parasites, it is necessary to have information as to the mode and rapidity of 
parasite dispersal from uncultivated to cultivated lands, from untreated to treated 
plots, etc. The rapidity of parasite dispersal has become a very actual question regard- 
ing an integrated control program on various crops m unstable environments. 

In introduced parasites, before they become members of a given indigenous fauna, 
a certain interval is known to occur between the introduction of a species and its 
effect, sellers (1953, franz, 1964) have therefore divided the species into two groups: 
the first group includes species with a slow rate of dispersal, which reach an equilib- 
rium rapidly, but on a small area. The second group mcludes species with a rapid rate 
of dispersal, which reach equilibrium of distribution more slowly, but on a larger 
scale. The zone of an equilibrium of distribution is that area where emigration is equal 
to immigration. 

smith ( 1939 ), when dealing with insect populations with respect to biological 
control, has mentioned a spotted distribution to be a characteristic feature of a speaes 
under biological control. The host population consists of groups of individuals, which 
fluctuate in density independently of one another. One group may be eliminated by 
a parasite, but in the meantime some host individuals will have migrated and 
established new groups. The parasite must therefore follow- its host and so it must be 
equal to it in power of locomotion. Aphids and their parasites are just a case of the 
spotted distribution mentioned. However, it seems that these generalized conclusions 
must be somewhat completed or modified with respect to aphids and their parasites. 
First, it seems that a complex action of natural enemies has to be dealt with instead of 
a single parasite; therefore, a parasite need not be equal to the power of aphid 
locomotion, as there is a complementary action of natural enemies. Second, as we 
have mentioned, there is a basic difference between the aphids and parasites with 
respect to habitat alternation. The parasites do not follow their (heteroeaous) aphid 
hosts to habitats of another kind, as they arc more habitat dependent and do not 
exhibit obligatory host alternation as aphids do, different parasite complexes occurring 
in various kinds of habitats. Instead, various adaptations have developed in the 
parasites. 

The mode of parasite dispersal is important, also in a biological control program, 
in release methods of parasites namely. Species with a high dispersal are expected to 
disperse soon over large plots in the new environment, so that the number of their 
release sites is lower. On the contrary, species with low- dispersal must be released in 
more places to cover the same area as the previously mentioned parasites. Dispersal of 
introduced parasites of Therioaphis trifolii, of Praon exoletum and Tnovys complmiatus, 
respectively, may be mentioned as an illustrative example (sec: v. D. bosch et al., 
*957. schlinger & hall, iQ<5t, etc.). Praott exoletum is transported mostly via para- 



sitizcd alatc aphids, while Trioxys tomphmatus is slower in dispersal because younger 
aphid instars arc preferred by the parasite ??. In consequence, during the summer and 
autumn of 1956 in the Antelope Valley of California, Tr. comphnatus spread over an 
area of about 10 square miles compared with an area of 100 square miles for a similar 
period of time of spread of Pr. exoletum. 
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Spread 


Spread is defined as movements by some portion of a species which results in a major 
modification of its geographic distribution area (smith, 1959). Some authors classify 
spread as dispersal on the grand scale (andrewartha h birch, 1954). 

As is known, a species is limited in its geographic distribution by the existence of 
certain barriers tint prevent its spread to other areas. Such barriers are generally of 
two kinds: 

- Physical barriers. In this group, large areas of water such as oceans, high mountain 
ranges, deserts, etc., can be included. Naturally, such barriers arc not of equal value 
for all the species. Some species can spread over smaller seas or deserts, others are 
unable to do so, etc. 

- Biological barriers. In aphid parasites, the absence of corresponding habitat and host 
aphid are the commonest barriers of this kind. Again, these barriers arc not equal in 
all species. A strictly specialized parasite is unable to spread outside the distribution 
area of its host, while widely specialized parasites may do so under certain conditions, 
as they may find and attack new hosts in the new area. Similarly, strong, interspecific 
competition or hyperparasites may also be included in this group. 

The barriers may exhibit various relations as to their mutual significance. Some- 
times, a species is able to bridge a physical barrier, but the lack of hosts, etc., prevents 
its occurrence in the new environment. In other cases, a spedes may occur in another 
area due to favourable conditions both as to host and habitat, but it is unable to 
bridge a barncr of a physical kind. 

Spread is mentioned as occurring very rarely in the history of spedes (smith, 19 J 9 ) 
under natural conditions. 

- Spread and dispersal. From the definitions of spread and dispersal it is evident that 
the main difference is whether these movements arc within or outside a geographic 
distribution area of a spedes. Therefore, spread to a new area is followed by dispersal 
in this area, i.c. by dispersive movements within the new larger distribution area. The 
reason for this brief discussion is to stress the fact that the dispersive movements of 
newly introduced spedes must be classified as spread, while further movements in 
newly inhabited territories arc merely dispersal. The spread and dispersal of intro- 
duced parasites of Iherioaphts tnfolii and Aryrthostphon pi sum in N. America can be 
mentioned as examples. However, sometimes it might be difficult to recognize the 
difference due to rapid dispersive movements, poor state of faumstic research, etc. 
-Moot ot srstAo. Mode of spread is basically identical to that of parasite dispersal, 
although it occurs outside the distribution area of a species. 

- Pasm-tjh fht e-Jaduhs. By repeated winds tr cams in the same direction the adult 



aphid parasites can be transferred to the same places as the aphids. This might he a 
case of parasite occurrence in certain islands not too far from a continent. Naturally 
the corresponding host aphid must spread earlier than the parasite, or its distribution 
area must be larger than that of the parasite, etc. 

- A late parasitized aphids. The mode of spread is generally similar to tliat previously 
mentioned. Today we can hardly decide which of them was followed as usually a 
certain number of parasitized alate aphids may be commonly found among the 
aphids mummified by various parasite species, although they prefer to attack low 
instar aphid nymphs (see: Host specificity).' 

- Apterous parasitized aphids. This mode of spread seems to be due to man’s agency 
exclusively, while under natural conditions it seems to be restricted to dispersive 
movements only. The transport of vegetables and other agricultural crops, in earlier 
times for example when young seedlings were transported to other countries with no 
quarantine measures, is probably responsible for the spread over the whole world of 
some parasite species ( Diaereticlla rapae, etc.). 

Logically, we have to put here also all the activities connected with parasite ship- 
ment for biological control purposes, as they also represent a mode of parasite spread 
(see: Biological control). 

- kinds of spread. Certain traces of a natural spread of separate parasite species or 
complexes may be seen when studying the development of separate faunas connected 
with various florisric zones. Historical changes m climate caused various flonstic 
associations to move to other areas, the parasite species therefore spreading in a similar 
way(see: Geographic distribution). Otherwise, for the statement whether a species is 
in spread or not, it is essential to have a good faunistic knowledge of many territories 
and this is still not the case of our period as to aphid parasites. It seems perhaps, that 
Lysiphlehus testaecipes might be mentioned (N. America — C. America and West 
Indies — S. America). 

Todays distribution of various pest species over the world can be classified as bemg 
mostly accidental due to man’s agency in transferring various crops from one country 
to another. Several parasite species may be recognized as spreading m a similar way. 
We know some precise cases of such a spread, e.g., of a Aphidius matricartae strain in 
California, the latter being restricted to greenhouses and their environment only (see: 
SCHLINGER &. mackauer, 1 963). For many years, various parasite species were trans- 
ferred purposely, from one country' to another to control aphid pests. In this way the 
spread of some species occurred in consequence, their distribution area bemg pur- 
posely disjuncted by man. In recent years, we can well observe several sucb cases; the 
spread of introduced parasites of Therioaphis trifohi and of Acyrthosiphon pistitn in 
California is best known. The disjunction of a parasite area due to biological control 
purposes is mostly due to their role in the control of introduced pest aphids ; the 
parasites are their enemies in their native home and are expected to exhibit the same 
features in the new environments. 

- rapidity of spread. Gradual spread seems to be truly natural. Under certain con- 
ditions a parasite species or some of its population are favoured by existing conditions 
and try to cover new territories as their new distribution area. 

This spread is seen in some parasite species today too. However, the poor knowl- 
edge of the parasite fauna of various territories is the main factor that makes a more 
detailed research impossible as yet. Lysiphlehus testaecipes may be mentioned as a 
species that spreads in our period. Being perhaps N. American in origin, a steppe 
species, it is a widely specialized and common parasite in various parts of N. America. 
Several strains have been recognized up till now. It seems to spread southwards, to 
S. America via the West Indies and C. America (staRy, 1967). Our observations on 



the host range of this parasi te in Cuba regarding its total host range may be mentioned 
as a proof. 

Gradual spread, although in a disjunctive area of distribution due to a biological 
control program, has been recently studied by American authors. 

Ptaon exoietum (- pahtans): in the autumn of 1956 carried by parasitized alate 
aphids a distance of about 40 miles (Mojave desert, California). It spread also in the 
autumn of 1956 over an area of about 700 square miles (S. Joachin Valley) (v. D. boscii 
ct al., 1959 )- 

Trioxys complanatits (•*= utilis): during the summer and autumn of 1956 spread over 
an area of about 10 square miles (Antelope Valley, California) (v. d. boscii et al., 
I9J9). 

The same species spread over 100 square miles in south west Arizona alfalfa growing 
areas between July and September, 1957. 

Trioxys pallidtis: during 1959 - 1962 spread approximately over 1,000 square miles 
in California (v. D. bosch, schlinger & iiagen, 1962). 

Aphidius smithi reported to spread a minimum of about 260 miles within six years 
in N. America (mackauer & bisdee, 1965). 

Thcsprcadofsomc parasites, due to their slow dispersive movements, is accelerated 
through the release of parasite populations in new areas in a given country; these 
areas would be apparently reached by the introduced parasite populations as well, 
although it would take a long time {Trioxys complanatits in California, sec: v. D. BOSCH 
et al., 1959, schlinger & hagen, 1961, Trioxys pallidus in Australia and Tasmania, sec: 
Wilson, i960). 

- requirements of host and parasites. Wc have shown in the paragraph on geo- 
graphic distribution some possibilities of host and parasite synchronization in geo- 
graphic distribution. Such possibilities are influenced by several factors, such as histor- 
ical factors, host specificity range, spread, etc., which are complex in action. The 
parasite distribution area may be smaller or larger than that of the host (s), but it 
rarely seems to be equal. The differences in requirements of host and parasite on the 
environment, due to the above mentioned factors, seem to be the reason. Today, we 
can again deal only with a given state of affairs, having almost no possibility of making 
comparisons, as our knowledge of the group is very poor in many ways. Historical 
plant geography, aphidologv, and research of parasite complexes will perhaps be 
most helpful to show at least some traces. 

However, sve sec that the spread of Aphis spiraecola from N. America to S. America 
seems to be a matter of our recent period, while Lysiphleltis testaceipes was quicker in 
this case, being more widely distributed to the south than the aphid. This is due 
probably to tbe wide host specificity range of this parasite, A. spiraecoia being its host 
only in some parts of its distribution area, some populations or strains being unable to 
complete tbe development in this host (sec: Intraspecific categories, etc.). Unfortu- 
tunately, wc have no information as to the different requirements of both these 
species as to the microhabitat except for Cuba (stary, 1967). 

Different requirements of the host, Thetioaphis tnfohi, and its mtroduccd parasites, 
Trioxys complaiums and Praon rxolctiim, have recently been recognized by American 
authors (see: v. D. boscii ct al., 1959, schlivcer & hall, i960, 1961, barnes I 9 ^°» 
etc.). While 77 i. tnfoht spreads very intensively, covering large areas, its parasites are 
more selcaivc as to the microhabiut, which prevents or enables their spread into 
various territories: one parasite ts better adapted for hot and dry conditions, another 
prefers milder cltmatic conditions 

-imcts OF sratvo The spreid of parasites ma> mean that a part of a parasite 
species population falls under ihe influence of other environments than of the former 



distributional area. New hosts may be parasitized, new interspecific relations origi- 
nate, the chmatic conditions may be somewhat different, etc.; all this may gradually 
result in the development of adapted strains or even geographical races. The behav- 
iour of Trioxys paliidus, an introduced parasite into N. America, can be perhaps 
mentioned as an example (See: hacen & schlinger, i960). Otherwise we have no 
detailed information as to the effect of spread on a parasite species. 

- BIOLOGICAL CONTROL. The use of the spread of a certain introduced parasite species 
to control a pest in a given area is one of the mam ideas of the biological control of 
aphids, which is also widely put into practice. For this reason, great interest is paid to 
the mode and kind of parasite spread, its rapidity, and differences in spread of the pest 
aphid and the parasite in the new environments. Parasite spread can be predicted to a 
certain extent on the basis of knowledge of conditions which occur in the native 
country of the parasite introduced. This was the case of introduced parasites of 
Tlicrioaphis trifolii in California (sec: v. d. bosch ct ah, 1959). On the other hand, a 
parasite species sometimes spreads in a different way from what is anticipated. For 
example, AphiJius sntithi seems to spread much more northward (see: mackauer & 
bisdee, 1965) than one would expect because of its Indian origin. 

REFERENCES. 10, 45, 123, X2 5. Jz6 » I28 . X2 9. 2l6 > 5 I. 02 * 702, 1005, 1082, XI30, 1313; 
and other references mentioned under dispersal, see above. 

Seasonal History 

LIFE-CYCLE in AFHios. The scheme of development of the life-cycle in aphids has 
been elaborated comparatively recently by shaposhnikov (1959), bis conclusions 
being presented in our paper as well. The schemancal pictures and detailed descrip- 
tions and examples of various types of life-cycles m aphids may be found m extensive 
aphidological literature. 

According to shaposhnikov the following points have been dealt with when 
reviewing the types oflife-cycles: (A) The causes of changes of the life-cycles and 
origin of diapause, (B) aphid life-cycle, (C) diapause, (D) recent stimuli inducing 
diapause. 

I. (A,) The transition of aphid ancestors in time or in space from a tropical to a moderate 
climate, and corresponding adaptation to more strictly manifested seasonal prevalence 
of climate. 

(B.) Monoecious cycle. All progeny amphigomc and not differentiated (unknown in 
recent aphids; observed in other Homoptera). 

(C.) Origination of winter diapause. 

(D.) Origination of photoperiodic reaction Note: It is not yet known to what 
degree and if the periodic reaction always has an immediate influence on an insect. 
For example, in underground-living aphids, not the length of the photopenod, but the 
physical-chemical changes caused by its influence in the substrate— food of aphids—, 
is presumed to be a stimulus to diapause. 

II. A. Adaptation to seasonal changes in cycle of the host (woody plant): Maximal 
utilization of favourable life conditions in spring-summer period. 

B. Parthenogenesis, viviparity (in Aphididae) and strict food specificity appear in 
spring and summer progeny. In connection with these, the differentiation of progeny 
appears, their specialization being followed by a number of simplifications, basically 
owing to a reduction of locomotory and sensory organs. There originates the recent 
normal monoecious cycle. (In many species in the greatest part of aphid groups). 

(C.) Winter diapause is preserved. 

(D.) Photoperiodic reaction is preserved. In most 3phids it is completed by the 



“factor of time”: aphids arc capable of responding to day-length only after a given 
time period has elapsed from the moment of the fundatrix’s emergence. 

III. A. The changes in cycles of woody plants during the process of adaptation to arid 
conditions of moderate climate. The appearance of unfavourable life-conditions of 
aphids on these plants during the summer period being the sequence. 

(B.) (a) There is a complete alternation of hosts (from woody plants usually to 
grasses), the cycle being normal monoecious (in many species in very many aphid 
groups). 

(b) There originates at first a facultatively, and later an obligatorily dioecious cycle 
with seasonal host alternation (in many species in many aphid groups). 

(c) There originates an interrupted monoecious cycle with partial or complete 
interruption of development in the summer period (in aphids of the genus Periphyhts 
of the Chaitophorinae). 

C. (a)Wintcr diapause preserved. 

(b) Winter diapause preserved. 

(c) Wintcr diapause preserved, the summer diapause appears. 

D. (a) Photoperiodic reaction preserved. 

(b) Photoperiodic reaction preserved. 

(c) Unsatisfactorily known. Apparently, simultaneously with the photoperiodic 
reaction (autumn), there is an influence of a clearly food stimulus, which is changed 
by a fixed number of spring progeny (summer). Note: Such cases arc mentioned, when 
a food stimulus, c.g. common deterioration of food conditions, occurs irrespective of 
the length of the photoperiod. 

IV. A. Changes in cycles of woody plants during the process of adaptation to arid 
conditions of moderate climate. Origin of unfavourable conditions of aphid life on 
these plants in the summer period being the result. 

B. Reduced monoecious cycle originates. 

(a) Facultative (in some species of various aphid groups). 

(b) Obligatory (in some species of various aphid groups). 

C. (a)Winter diapause preserved, summer-winter diapause originates. 

(b) Only summer-winter diapause occurs. 

D. (a) Unknown. Apparently, photoperiodic reaction is completed and possibly is 
changed by a clear food stimulus and later by a fixed number of progeny. 

lb) Unsatisfactorily known. There is an influence, apparently of a food stimulus, 
which is, to a higher degree, changed by a fixed number of spring progeny. 

V.. A. Unfavourable conditions for aphid life on secondary host (woody plant or herb) 
originate in the summer period. 

D. From the usual dioecious cycle a reduced dioecious cycle originates with preserva- 
tion of spring-summer migration: 

(a) Annual 

I* 1 ) F acultativc (in Pnosonu lanuginomm). 

(ab) Obligatory (in some Aphidinac). 

(b) Ihennal (in Adelgtnac and Thclaxmac: Hormaphidini). 

dn *’* u ' c preserved, summer origination of summer-winter diapause, 
(ab) Only lummer-w inter diapause preserved. 

(b) Only summer-winter diapause preserved. 

D. (a) (aa) Unknown. Apparently photoperiodic reaction is changed by a clear food 


(ab) Unsatisfactorily known Apparently photoperiodic reaction changed by a dear 
food stimulus and later by a fixed number of progeny 

- .In arul zones sun burning of grasscvsccondary hosts of aphids in summer and 
renewal of xcgaation in autumn and winter 

a norn,al dlo<x,m >i ryde With spring-summer migration a 
roTdmi) >1CCd d "' coom *>* ,e originates *«h autumnal migration (Enosomatinae. 

av;-. s :r: c rr ,5y * ,th on primary host, there originates 

. summer dupause on secondary host plant 



D. Unknown. 

VII. A. Apparently, following the symbiosis with ants, transition of aphids to life on 
roots of plants in underground. 

B. Normal monoecious or dioecious cycle preserved (in many species of the Erioso- 
matinae, Aphidinae, Lachninae, Anoeciinac). 

C. Winter diapause preserved. 

D. Unsatisfactorily known. Apparently photoperiodic reaction (indirect) preserved. 
Vin. A. Loss of primary, or, more rarely, of secondary host in dioecious aphid species. 

B. Gamic progeny and with it connected part of the cycle loses. Only anholocydy 
occurs. During a certain period however the ability is preserved to re-establish the 
complete cycle when the lost host appears (in a number of species of the Adelginae, 
Phylloxerinae, Eriosomatinae, Thelaxinae, Anoeciinac, Aphidinae). There originates 
secondary differentiation of progeny: appearance of peculiar spring forms, changing 
the fundatrices, for example in some Brachycaudns- and vd</e/g«-species. 

C. Winter diapause preserved, but it is transferred to other progeny. 

D. Unknown. We may presume that photoperiodic reaction is preserved, being 
direct or indirect. 

IX. A. Transition of aphids from moderate climate to tropical climate (or in green- 
house-conditions). 

B. Gradual loss of gamic progeny together with a connected part of the cycle. 
Anholocydy originates. In connection with this the differentiation of progeny dis- 
appears (many species in many aphid groups). 

C. Every diapause disappears. 

D. - 

Some notes need to be added due to some comments of various authors on the 
development of life-cycle in aphids: 

mordvilko, followed later by shaposhnikov, assumed heteroecy to be the final 
point of life-cycle evolution in aphids. Nevertheless, hille ris t ambers (1949, 19J0) 
has shown that Heteroecy is not the finality of life-cycle evolution as there are also 
cases where heteroecy' has been lost, the complete cycle now taking place on the 
original secondary host. 

Similarly, the evolution of anholocydy has been discussed by various authors(see: 
bodenheimer & swiRSKi, I 9 S 7 )- Anholocyclic viviparae were found in principle just 
as capable of spreading into new areas as the holocyclic forms. The main barriers to 
the. extension of the anholocy chc forms ar e — apart from the absence of their hosts — 
the winter cold in the north and the summer drought in the south. The cleavage into 
strictly holocyclic migrants, facultatively holocyclic migrants and strictly anholo- 
cyclic races is kept as a common phenomenon also within the natural area of the 
holocycle. Anholocydy on the secondary hosts often, perhaps as a rule, has its origin 
under quite normal conditions, within the centers of the holocyclic areas, indepen- 
dent of major environmental changes. Neither the disappearance of the primary host, 
nor exsiccation or glaciation are necessary to induce the cleavage of a holocyclic form 
into obligatory migrants, facultative migrants and holocyclic (on the primary host) 
or anholocydic (on the secondary host) monophages. 

adaptation OF aphids. The gradual occurrence of unfavourable conditions on 
trees, the primary host plants, during the summer, forces the aphids to change their 
mode ofhfe, various adaptations developing in consequence (shaposhnikov, 1959): 
A. Preservation of basic life conditions through migration to other places. 

1 . Migration in limits of one host spedmen or population. 

When unfavourable conditions begin to occur on a certain plant, alated forms start 
to appear — besides numerous apterous forms — to disperse to other parts of the plant 



or other specimens of the given host plant (same species). Example: Aphis pomi. 

2. Migration between hosts of different species. 

The migrants appear before the occurrence of unfavourable conditions, almost all 
the specimens being alated, migration to a host of a different species follows. Exam- 
ple: Dysaphis spp. 

B. Retardation to interruption of development. 

1. Production of peculiar summer forms of apterous fundatrigeniac with lower 
fecundity. This adaptation is also classified as being useful for the survival of unfa- 
vourable conditions on trees as well as on some herbs. The summer forms of apterous 
fundatrigemae are characterized by smaller body size, shorter legs, a lesser number of 
antennal segments, lower fecundity, and by the ability to live in less favourable con- 
ditions, for example by thelackof humidity. The following examples maybe mention- 
ed: Aphitgossypii, A.iJaei,A.Tuborum,Hayhursttatatancae,ctc.(sHAPOSUNtKOV, 1959)- 

2. Interruption of reproduction ofadults, and retarding of development ofnymphs. 
Drepanosiphtmi platanoides occurs during summer, sitting on the underside of leaves at 
regular mutual distances. This spacing is without tactile response of one insect to 
another. When being disturbed, the response spreads gradually over the colony and 
the aphids fly off, grouping in the same manner on another leaf after a short while. 
These adults do not reproduce during this period (dixon, 1963, Kennedy, 1966). 

Retarding of development of nymphs may be shown in Pemphigus spirothecae ; in 
this case, the development of nymphs of second progeny occurring in galls being 
rather prolonged (shaposiinikov, 1959). 

3. Acstival diapause (in instar I nymph). This is a commonly known case of Peri- 
phyltus-spcacs. Some of them have a facultative diapause — caused by sucking on fully 
grown leaves—, while no-diapausc nymphs may be found to occur on young leaves 
at the S3mc time(HiLLE ris lambers, 1947). In other cases, obligatory acstival diapause 
has developed as a consequence of unsuitable food conditions, being recognizable 
today in the production of strictly diapausing nymphs by apterous as well as alated 
fundatngeniae of determined (second) generation, without respect to the environ- 
mental conditions (shaposiinikov, 1959). 

Viteus vitifolii enters diapause in instar I nymph depending on the water content in 
the roots of its host plant (larchenko, 1949). 

4. Acstival-hibcmal diapause (in egg, instar I nymph, or adult fundatrigenia). 
Dysaphis-spcdes with a reduced life-cycle(D. devecta ) may be mentioned as an example. 
In this case the Influence of an unsuitable period (food conditions) cause all or almost 
all the members of the fourth generation to occur as normal sexuales, the oviparous 
females then lay eggs that diapause till the spring of the next year. 

Aeanthochermes queretts is a similar case, except that the sexuales arc represented by 
members of the second generation. 

I iamamehstes spinosus. Acstival-hibcmal diapause is spent in instar I nymph in this 
species (shaposiinikov, 1959). 

5. Hibernal quiescence. This state may be quite commonly found among the 
aphids. In the autumn, the oviparous generation produces eggs, which hibernate, the 
njniphs emerging with the appearance of suitable environmental conditions during 
the next spring. 

seasonal history of apiiids. There is no doubt that aphids represent a group of 
1 meets u hich exhibits a great number of different seasonal forms. In some cases they 
arc extremely polymorphous, in other cases they may be even restricted to one 
reproductive form 



Nevertheless, just because of the scope of this book, we have found it necessary at 
least to mention the main features of aphid biology in separate climatic zones, this 
being later used when showing the seasonal dependences of parasites on their aphid 
hosts. 

— Temperate zone. The number of species known, peculiarities in biology and other 
features have shown that the temperate zone is the most suitable zone for the evo- 
lution of aphids as a group. This conclusion has been reached independently by 
various authors (sec: SHAPOSHNIKOV, MORDVILKO, BODENHEIMER & SWIRSKI, KENNEDY 
a- stroyan, etc.). Moderate warmth, moderate rains, wind, and humidity conditions, 
together with a number of plant species present (grasses, herbs, shrubs, trees) are 
generally mentioned to represent an optimal environment. Severe winter is men- 
tioned to be favourable for the formation of diapause eggs and/or aphid migration; a 
mild winter is less favourable and tends to suppress the sexual forms and winter eggs. 

Naturally, the ecological optimum is different in separate groups and species of 
aphids, there being ones preferring steppe, forest-tundra, etc., conditions. 

Temperate zone conditions allow the existence of a complete holocyclc, both 
gamic and parthcnogcnctic forms occur. Moreover, the gamic part of the holocycle 
is almost entirely restricted today to the moderate type of climate. The various con- 
ditions depending on the seasons of the year tend to the development of arrested 
states in aphid life-cycle. 

Besides this main feature of the moderate climate, a certain number of exceptions 
due to various reasons may be found, too (anholocvdy, etc.). 

- Observations of various authors reached in various parts of the sub- 

tropical belt (see: bodenheimer a swtrski, 1957, Kennedy a- stroyan, 1959, etc.) have 
shown that a subtropical climate results mainly in the very strong suppression of the 
gamic part of the aphid life-cycle, the aphids reproducing mostly parthenogenetical- 
ly. It is a common phenomenon known in a number of aphid species in various 
areas of the subtropics, that the species which is dioecious in the north is anholocyclic 
in the southern parts of its distribution area — if this reaches the subtropics, a similar 
suppression of the gamic part of the holocycle occurs in the monoecious aphids as 
well. Nevertheless, besides clearly anholocyclic spedes, also spedes with an anholo- 
cyclic development but with a minor gamic cycle, as well as strictly holocychc spe- 
des may be found in the subtropics (see: bodenheimer a swirski). 

In the subtropics, the aphids ate present in an active life state mostly practically 
throughout the whole year, there being, however, strict seasonal fluctuations due to 
the different character of the periods of the year, most of the aphids being conspicuous 
in certain seasons only. Arrested states in development seem to be less common. 

- Tropics. Humid tropics represent relatively the most stable environment. Never- 
theless, as will be shown in the phylogeny chapter, this environment is generally 
unsuitable for aphids as a group, only some groups having developed in this zone, 
besides numerous spedes penetrating to the tropics from northern parts of their 
distribution area. Due apparently to the stability of conditions, only parthenogenetic 
reproduction is known to occur in the aphids in the tropics (bodenheimer a swirski, 
1 957» takahashi, rfcs. MULLER, 1 966, etc.). Similarly, obligatory migration and host 
alternation connected with the production of sexual forms is unknown in the tropics. 
Migration and host alternation is common in aphids that occur in the tropics, never- 
theless, this is dearly a facultative type of migration, being a response to the senes- 
cence of host plants, high population density, etc. 

Generally, the aphids are present in the tropics in an aenve life state throughout the 
year, this being apparendy due to the evergreen plant communities as \\ ell as climatic 
conditions. 



Nevertheless, seasonal fluctuations occur in the tropics, too. The dr)' and the rainy 
season of the year have a different influence on aphids. According to v. D. goot’s 
(1917) studies in Java, the general population peak occurs at the beginning of the dry 
season. The heavy rains of the rainy season and the prolonged drought of the other 
half of the year are pernicious to aphids. Only in protected locations were they 
observed to reach their peak at the end of the rainy season. 

According to our observations in Cuba (stary, 1967, etc.), the influence of the dry 
and rainy season of the year is different in different communities. In the evergreen 
communities, in the tropical rain and cloud forest zone, the influence is not so ap- 
parent as there arc green plants throughout the year and the aphids may find their 
hosts continuously. There is, however, another situation in the tropical deciduous 
forest and in the savanna zone, as the influence of the dry period is severe — the 
majority of the plants arc in a state of rest, so that the aphids find a relatively low- 
number of green plants in various habitats. Nevertheless, there is a certain number of 
plants that arc green and suitable for aphids during the dr)' season as well, and the 
aphids may usually be found to reach a high population density just on such plants; 
in the dry period, too, they are most important as pests due to the growing of some 
crops in the dr)' period. Therefore, the aphids are more concentrated then on a cer- 
tain number of plants, their colonies being rather numerous, outbreaks being com- 
mon, On the contrary, the rainy season has a different influence on aphids. On the 
one hand, various green plants may be found practically everywhere, so that the 
aphids may find suitable host plants in various places and they need not be so con- 
centrated on a certain number of plants only; moreover, the plants grow and senes- 
cent rapidly, so that the aphids are forced to emigrate very often and alternate their 
hosts. On the other hand, heavy rains apparently cause damage to aphid colonies, 
such as washing down and death of many aphid specimens. 

-Greenhouses. It would seem that heated greenhouses represent a relatively con- 
stant environment, which will hardly be influenced by out-door conditions. Never- 
theless, according to our studies, seasonal changes in populations of various aphids 
that occur in greenhouses in C. Europe (Czechoslovakia) may well be recognized. 

The changes mentioned seem to depend dearly on optimum temperature, day- 
light, ICI I., as well as on host plant conditions. 

The aphids of tropical origin were observed to be most common in the autumn, 
sshen there w-as a short day period and relatively low temperature conditions (about 
t J - so C on the average) and high R.H, At this time, heating had not yet started. 
The conditions seemed to resemble those of tropical mountain rain forests: Aphis 
ipiraeeoli. Tempter* eursntii, both species originally introduced from Cuba for ex- 
perimental purposes, were most numerous, similarly as in early spring, when the day- 
length and temperature conditions wctc similar to those mentioned above — due to 



to distinguish this aphid from the other greenhouse aphids of tropical origin, which 
seem to obviously prefer the winter period, the conditions of heated greenhouses. 

The other aphid species found or reared in heated greenhouses in C. Europe 
(Czechoslovakia), such as Macrosiphutn rosae, Brevicorync brassieac. Aphis hederae, ex- 
hibited parthenogenetic reproduction during winter, the conditions bang apparently 
rather suitable for them as well, as they reached a high population in this period. 

Generally, according to our studies in C. Europe, aphids were found to be mostly 
seasonal pests in heated greenhouses, being most common during the winter. The 
greenhouse environment at this time, apparently, may be close to their ecological 
optimum as to temperature, humidity, day-length, and host plant conditions, 
resembling the tropical environment, to which the aphids arc mostly originally 
adapted. 

APHIDS AND PARASITES. The seasonal history of aphid parasites of the present day is 
the result of a long historical evolution of individual groups in a basic dependence on 
the evolution of environment, i.c. namely on the evolution of floristic zones and 
aphid hosts. 

The main kinds of adaptation of parasites as to their seasonal occurrence seem to be 
recognizable, being later dealt with in a more detailed way. 

i . Adaptation of the parasites to the life-cycle of the host aphids. 

They may be classified as an adaptation to the season through the host, either 
directly or indirectly. This group of adaptation may be subdivided as follows: 

(a) Adaptation to the presence of a host throughout the whole season in a given 
type of habitat. Apparent host/parasite density dependence might seem to be an 
adaptation of this land. 

(b) Adaptation to the emigration of the host from the habitat. 

(ba) Wider host range. This is a common case in the aphidiid parasites. 

(bb) Obligatory aestival-hibcmal diapause. In this case, the parasites are adapted 
to the parasitism on certain hosts that possess a certain mode of life in a certain period. 
As such a certain mode of life occurs only in a certain part of the year, the host 
spending the rest of the season living m another mode, the parasites survive these 
periods in seasonal diapause, i.c. they are in an arrested developmental state till the 
period when the host appears again in the same habitat and lives again m the same 
mode of life to which the parasites have adapted themselves. In this case, the host 
range does not allow the parasites to occur continuously during the season and a 
peculiar adaptation to the periods of host absence has been necessary. Obligatory 
a estival-hibernal diapause is a phenomenon of close host/parasite synchronization and 
parasite specialization. Specialized parasites belong to this group, either to a host or 
to the mode of host life. 

(c) Adaptation to the period when the host is present in the given habitat, its 
development being, however, retarded or interrupted (diapause, quiescence), or 
when an unsuitable stage occurs to be parasitized. 

(ca) Obligatory aestival diapause. In this case, the parasites spend the period when 
their hosts are in an aestival diapause state during the season by entering a similar 
state-aestival diapause. Due to the influence of various factors, the diapause state is 
terminated approximately at the same time when the host begins to prolongate its 
active life in the usual manner. Aestival diapause in such cases is, therefore, a phenom- 
enon of close host/parasite synchronization in development. This is supported by the 
fact that strictly specialized parasites exclusively may be included in this group. 

(cb) Hibernal quiescence. Cold winter conditions connected with the lack of 
green plants represent an extremely unsuitable period for aphids; they spend this 



period mostly in an egg stage or as nymphs, etc. Hibernal quiescence in the last instar 
larva, prepupa or pupa stage occurs in the parasites as well as an adaptation to survive 
the cold winter period. 

2 . Adaptations of the parasites to seasonal influences. 

These adaptations may be classified as responses to the influences primarily of the 
season, apparently the host’s state being omitted by the parasites. In these cases the 
parasites may enter facultative diapause at the time and during the time when the 
host is present in the habitat in a suitable stage for infestation, although sometimes in 
a low population density. This may be sometimes a feature of different temperature- 
tolerance limits in the parasite and in the host, which is then responsible for the 
unsatisfactory' synchronization of host/parasitc occurrence in the given area. Never- 
theless, on the other hand, such adaptation enables the parasites to survive 3 period of 
unfavourable conditions and then prolongate their occurrence in a given area. 

The adaptations of parasites to seasonal influences arc known to occur in the fol- 
lowing kinds: 

(a) Facultative aestival diapause. It is common in areas that exhibit hot and dry 
conditions (dry' subtropics). 

(b) Facultative acstival-hibemal diapause. It is known to occur in areas with hot 
and dry summers; if summer temperatures are sufficiently high, a substantial per- 
centage of parasite population passes into diapause and there may be essentially no 
resumption of activity' until the next spring. 

(c) Facultative hibernal diapause. This state is apparently induced by the shorter 
day and low temperature conditions. 


- PARASITES AND MIGRATION OF APHIDS. 

- Host specificity of parasites. 

i. Host instar preference. As far as it is known, the greatest part of the species of 
aphidnd parasites attack lower instars of their host aphids, the parasitized aphids being 
killed by the parasite larva before reaching maturity. However, as various factors play 
a role during parasite opposition, other instars may be infested as well and for this 
reason aphids may reach maturity and produce a certain number of progeny in the 
case that higher instar aphids were attacked by the parasite. In this way, a certain part 
of parasites may disperse via parasitized alated aphids ( Acyrthosiplwn pisuin and 
AphiJius ervi, etc.). 


A certain number of parasite species exhibit somewhat different features as to host 
instar preference. They either attack higher instar aphids as well ( Praott exoletttm), or 
they directly infest the alated aphid adults (Dyscritulus planiccps). In both cases, the 
parasites disperse via parasitized alated aphids to other districts. 

Although no detailed observations have been made up till now, according to our 
field observations it seems that the mentioned phenomena arc in connection with the 
habitat dependence of parasites. The parasitization of aphids in lower instars might be 
an adaptation to preserve the species within the limits of a given type of habitat, 
while the higher host instar preference in parasitization, resulting in possible emigra- 
tion of the parasite to other districts, might he an adaptation to a wider dispersal of 
the parasite. It seems peculiar that the latter case, at least as far as it is known, is 
known to occur in relatively strictly specialized parasite species, which parasitize 
aphids that exhibit facultative host alternation only. The parasite dispersal via para- 
Mtuetf abted aphid does not mean, therefore, the emigration of the parasite ou'side 
the limns of a given type of habitat. This » true both at to the forest IDrepmosiphttm 
£ . , , ffateft, Phyllaphis fa*i and Trioxys pMIarhi.hs. Praott 

/aiWrctc.). and as to the steppe habitats (Thenoaphtt tnfoln and Praott exolrtum). 
However, as there are sometimes also other parasites known m the aphids 
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mentioned, the peculiar host instar preference might be a feature of a peculiar 
mode of interspecific relations as well. In every case, the parasite dispersal via 
parasitized alated aphids is apparently successful in the limits of a given type 
of habitat, otherwise (in dioecious aphids) the parasites arc apparently unable to 
survive in habitats of another type in ease of being transferred there passively 
via parasitized alated aphids. Otherwise the forest complexes might occur in the 
steppe, too, but our observations have clearly shown that there arc differentiated 
and typical complexes of parasites occurring in steppe and in forest type habitats 
(see: Geographic distribution chapter). 

2. Wider host range as adaptation to obligator)' migration. The comparison of the 
host range of parasites of obligatorily migrating aphids (hctcroecy) has shown that 
none of them represent a strictly specialized species. This may be understood as an 
adaptation to the emigration of the host from a given type of habitat in a certain part 
of the season. A strictly specialized parasite could not apparently survive such a 
period of host absence (except for developing an adaptation as an obligator)' seasonal 
diapause, etc., sec below), while a wider host range enables the parasite to attack and 
develop in other host aphids present in the given type of habitat. A number of ex- 
amples might be mentioned, only some typical ones being presented in more detail : 
Trioxys atigclicae, C. Europe. It is a common parasite of various, mostly aphidme 
aphids, which live in dense colonies in deciduous forest habitats. It attacks both 
dioecious and monoecious aphid species. After emigration of dioecious species from 
the given habitat, it attacks the monoecious aphids that have a similar mode of hfe, 
etc., which have remained there. Similarly, it attacks the dioecious aphids in the 
autumn again, when they re-migratc to a given habitat. For this reason, no adapta- 
tion such as seasonal diapause has developed in this parasite, the wider host specificity 
range being seemingly a better adaptation, enabling parasite activity tbrougbout the 
whole season. Praon abjeelum, C. Europe, is a similar case. Ephedras plagiator is also a 
similar case, although somewhat of a intermediary type. Its host range covers — 
besides the aphids living in dense colonics on leaves, stems, etc.,— also the leaf-curling 
aphids. It is also a typical inhabitant of deciduous forest habitats. Similarly, after emi- 
gration of the dioecious hosts (leaf-curling species, and in dense colomes freely living 
aphids) it attacks the monoecious aphids present in the given habitat. It may be 
found, too, all through the season m the given type of deciduous forest habitat, 
infesting various aphid species that live in undergrowth, on herbs, etc. In the autumn, 
it may be found ag- in as a parasite of dioecious aphids as well, which remigrate to the 
deciduous forest habitats to the primary host plants. 

All three examples are rather typical and may be supported by observation of the 
seasonal occurrence and parasitization of various aphids during the season in C. 
European condinons. 

3. Examples. All the mentioned examples of dioecious aphids are from C. Europe. 
More detailed records (localities, host plants, etc.) may be found m the author’s 
monograph of the European Aphidiidae (in press). 

Abbreviations used: PHP — primary host plants, SHP — secondary host plants, 
mode of life mentioned after the kind of host plants. 

Pemphigidae 

Pemphigus Spp.: PHP(gaIls) — Aloiwctpma pistaciaecola, SHP—? 

Theeabius sp.: PHP(galls) - Ephcdrus persicac, SHP - ?. 

ProciphUusfraxini : PHP (galls) -Ephedrus plagiator, SHP (roots) - ?. 

Tetraneura idlin’ : PHP (galls)—?, SHP (roots ) — Paralipsis met vis. 

Schizottettra ttlrtti: PHP (galls)— Areopraon lepclleyi, Ephedrus plagiator, SHP— ?. 

Schizoneura ulmi : PHP (galls) — Areopraon lepclleyi, Ephedrus plagiator, SHP — ?. 



Aphidtdae 

Hyalopterus pruni : PHP and SHP (occur in more or less the same type of habitat)— 
Ephedras plagiator, Praoit votucre, 

RJiopaloslphum path ; PHP (galls-leaf curling) —Ephedras persicac, E. plagiator, Monoc- 
tonus cerasi, Praon abjeclum, Pr. votucre, Trioxys angclicae, SHP— (freely on grasses)— 
.dpbxfnu pasatmum, rarely Ephedras plagiator. 

Aphis /abac: PHP (leaf-curling) —Ephedrus persicac, E. plagiator.Lysiphlebus ambiguus, 
Praon abjeclum, Trioxys angeticae, SHP— (freely living, sometimes leaf curling)— 
Llpolexts gracilis, Lystphlebus fabarum, Trioxys acalephae. 

Brachycaudns cardui: PHP (leaf curling )— Ephedrus plagiator, SHP (roots and freely 
living ) — Lipolcxis gracilis , LyJijiliMxu fabarum , Paralipsis tnervis. 

Dysaphis spp.: PHP (leaf curling) —Ephedras persicac, E. plagiator, Monoctomis cerasi, 
Trioxys angehcae, Praon votucre, Lysiphkbus ambiguus, SHP (roots and freely living)— 
Lysiphlebus fabarum, Paralipsis enervis. 

Hyperomyzus lactticae: PHP (leaf curling )— Ephedrus plagiator, SHP (freely living)— 
Aphidtus sonchi, Lysiphlebus fabarum, Praon vohurc. 

- Geographical dependence. It is a generally mentioned fact in the aphidological 
literature that the life-cycle of an aphid species, as well as the migration as a part of 
this cycle, exhibits certain changes in accordance with the geographical distribution. 
The occurrence of sexual progeny is restricted to northern areas, while only par- 
thcnogcnctic progeny may he found in the southern districts (see above). Thus, 
there may be holocyclic dioecious species in the northern districts of their distribution 
area, mixed populations appearing in the intermediary districts, and parthenogcnctic 
populations may be found exclusively m the southern districts ( Hyalopterus pruni. 
Aphis spiraecola, Hystcroneura setariac, etc. may be mentioned as some of the numerous 
examples). These features of thchfc-cyde of aphids also mean that obligatory migra- 
tion, connected with the production of sexual progeny as well, occurs in northern 
areas, too, while facultative host alternation docs not change with geographic 
distribution, representing a kind of aphid spread, an adaptation to unstable plant 
conditions, high population density, etc. 

The geographic distribution of aphids is obviously connected with a certain type of 
flonstic zone, although the connections may be wider than in the parasites, several 
zones being covered due to the peculiarities of the life-cycle. The parasites are 
clearly attached to a certain type of flonstic zone and depend on its distribution as 
well. In case of the lack of a certain zone in the south, the parasites that are attached to 
such a zone arc absent in the south also. 

North-south peculiarities in aphid distribution seem to be obvious, nevertheless, 
some exceptions may be found m some areas, where the Quaternary glaciation has 
caused deep changes in the flora and eradication of some species in a given area. In 
such areas, aphids may have spread afterwards northward when following their host 
plants. However, in case only secondary host plants have spread, the aphids occur 
today in anholocychc populations in the north, while being holocyclic dioecious in 
the southern districts. Forda-spcctes in C. Europe may be mentioned, living here on 
roots of various grasses and being parasitized by Paraitpsts enervis, a member of the 
Eurasian Steppes faunistic complex, while they arc holocyclic dioecious in the south, 
having Pistacia-species as then primary host (galls - parasite : Monoctottia pistaciaecolo, 
Mediterranean faunistic complex), the latter host plant being, however, eradicated in 
C. Europe through Quaternary glaciation. 

In the tropics, only parthenogcnctic progeny has been produced by the aphids. 
The temperature and R..H. conditions appear to cause much more penetration of 
various aphids tn various types of habitats, and the same seems to be true as to the 
parasites. 
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note) of aphids has been classified by shaposhnikov (1959) as a historically developed 
adaptation to the survival of unfavourable conditions of the summer period. Such a 
classification seems to be clearly understandable, and numerous reasons have been 
mentioned by this author before this definition has been presented. 

Nevertheless, migration (host alternation) of aphids is often classified, among other 
(nutritional) reasons, as an escape from the parasites’ (natural enemies) action. Two 
such opinions may be mentioned: Kennedy & stroyan (1959): “The production of 
winged migrants is a further main cause of local decline and escape from natural 
enemies”. Schneider (1962) : “The production of winged migrants often causes a local 
decline of populations and therefore escape from wingless stages of natural enemies . 
- Parasite occurrence in various habitats - We may deal here only with the aphidu'd 
parasites, and it is possible that other features may occur in the predators, nevertheless, 
we shall try to show that the classification of aphid migration as an escape from 
parasite action is unjustified, the following reasons being given : 

As facultative and obligatory host alternation in aphids represents different eases, 
they will be dealt with here in a separate way. Facultative host alternation (- va- 
gration of BODENUEIMER & swirski) seems to be a clear ease. If sucli migration occurs, 
it means the migration m the limits of one host specimen or host species, etc. It occurs 
within the limits of a given type of habitat, so that the parasite complexes remain the 
same. The adult aphids — the alated migrants — arc usually not attacked by the para- 
sites in a colony, their presence or absence docs not seem to be an important matter 
as to the parasite action ; furthermore, they usually arc not the only progeny produced, 
many apterous adults occurnng in an aphid colony simultaneous! y. When the migrant 
alated aphids give origin to a new colony of aphids in another host plant specimen, 
they are apparently soon found by the parasites which arc present in the environment. 
There occurs, naturally, a certain period between the new host aphid colony appear- 
ance and the parasite attack, however, it docs not seem to be important as to the 
general host-parasite seasonal occurrence. 

It seems general that the aphids arc attacked on a certain population density level by 
the parasites. This is obvious as the alatc aphid is usually neglected by the parasites, its 
progeny not being so numerous at first and a newaphid colony is usually founded after 
reaching a certain number of specimens. This, naturally, is influenced by a number of 
other factors that obscure this dependence, such as the presence of foci, type of 
community, scarcliing ability of the parasite, etc. Numerous examples of such a kind 
may be observed in nature — in the Lachmdac, Callaphididac, Chaitophoridae, and 
other aphids (monoecious, anholocychc), and their parasites. 

If the parasite attacks alatc aphids as well, this being a comparatively less common 
case, the impossibility of preventing a parasite attack by migration of an aphid is just 
apparent. For example, detailed observations of American authors have clearly shown 
that Praon exoletmn, wliich attacks the alatc aphids as well, is soon dispersed in the new 
localities in the same way as its host aphid, Therioaphis tnfohi. Similarly, Drepauosiphum 
platauoidcs is known to be attacked by Dysaitulus pUuticeps, which is dispersed by 
alatc host aphids as well. 

Obligatory host alternation is a different ease. This type of migration is connected 
both with the change of host plant species and the change of the type of habitat; 
furthermore, the mode of life is often changed in addition. 

At first, we shall deal with the conditions on a primary host plant. The degree of 
parasttization (parasite action) docs not really seem to play any role: e.g., it is a 
commonly observed phenomenon m Aphis fabae, on its primary host plant, Euony- 
mus cutopaca, in spring (Europe), that the appearance of alate migrants and their 
emigration is in connection with climate and corresponding influence of the host 



mens or species of primary host plants (Philadelphus, etc.). Similarly, in labora- 
conditions, in aphid colonies with no parasites present, alatc aphids may be found 
:r the influence of certain experimental conditions commonly mentioned (see: 
dological literature on form determination m aphids). 

onditious on secondary host plants. There is no doubt that Aphis fabac leaves the 
it-type habitat through the emigration to field type habitats. As the parasites are 
lected with the forest-type habitats, they in. fact do not follow the aphid to the 
pe habitats, as we have already mentioned above. Really, one may observe that, 
instance, the aphid colonies on sugar beet in C. Europe are not parasitized for a 
r time, often being very numerous. This and apparently also related cases were 
riingly the cases that caused the authors to classify the aphid migration as an 
pe from parasite action. Nevertheless, the following has to be mentioned: it is a 
1 known fact that various aphids can be found m the steppe type habitats in early 
ng, at first namely on roots and root collars, later, on higher parts of the plants, 
this time, Aphis fabae is still on Euonymus shrubs. However, at tlus time the 
ious aphids above mentioned may be found parasitised, and this means that such 
asites (Lysiphlcbtis fabartwi, Lipolexis gracilis) occur in steppe habitats before Aphis 
ie reaches such habitats after emigration from the forest. If A. fabae infests various 
:ds and other plants, its colonies may be found to be attacked by parasites in 
nously the same density-dependence as the other both migrating and non-mi- 
ting aphids. But this is the case when the aphid infests various plants on waste 
ces, meadows, verges, etc. The monocultures of sugar beer represent a different 
e. The whole field in the given area had been ploughed m the autumn of the 
ceding year and the whole community was destroyed. The new sugar beet field 
nm unity starts to exist with the appearance of the phytocenosis — namely with the 
pearance of young seedlings that are just attacked by the Aphis fabae. The parasites 
1 not, however, overwinter in such a habitat so that the aphid colonies can be very 
merous usually before the parasite activity is observed, beginning usually at the 
ges of the field — in the neighbourhood of verges, roadways etc., from which 
bitats the parasites spread. The black bean aphid leaves the sugar beet plants after 
sy become senescent and migrates (facultative migration!) to various other plants 
ch as weeds, etc., here being soon attacked by the very same complex of parasites — 

> change of habitats occurs simultaneously with such a type of migration. In the 
,tumn, obligatory migration of the aphid from the steppe or field to the forest (on 
wnymus shrubs) follows; in the Utter habitat, the aphid colonies ate soon attacked 
f the same parasite complex as in spring. 

In this connection, too, we should try to show the unjustification of telenga’s 
95°) opinion. This author supposed the parasites of dioecious aphids that occur on 
eld crops during the summer to die after the aphids emigrate from the secondary 
lants (crops) to the primary ones, this being naturally coimected with their further 
asence m the field habitats for the rest of the season. He stated generally, tliat when 
le parasites are still developing, the aphids emigrate, the parasites then emerge and 
ie due to the absence of the hosts in the field. Although telenga’s pomt of view is 
aluable showing the significance of aphid migration for parasites, lus conclusions as 
a the further fate of the parasites after the emigration of aphids must be classified 
s incorrect, the following being mentioned: first, the emigration of aphids from the 
;ivcn crop (field) is not a matter of one or two days, being dependent on the state of 
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various plant specimens, temperature conditions, etc. Further, the dioecious aphids- 
pcsts of crops are mostly very polyphagous, they may infest various weed plants 
present in the field, etc., Aphis fabce attacking Chenopodium and other weed plants 
in sugar beer fields bemg mentioned as a representative of numerous examples. The 
parasites attacking the dioecious aphids of field crops, being not monophagous 
species, may find other hosts in the field habitat environment; further, they are 
usually attacked by secondary parasites in a higher or lesser degree, so that their 
number is not so lugh in the late summer season, and, lastly, the aphids and parasites 
are not present for a long time in the field when it is ploughed, so that there arc no 
hibernation sites of the parasites in the field crops just owing to the earlier emigration 
of aphids and corresponding dispersal of parasites to other field type habitats (verges, 
roadsides) (for details, see; Foci of parasites). 

A number of similar examples might be mentioned. In the ease when the primary 
and secondary host plants arc in a similar or the same type of habitat, the obligatory 
aphid migration seems to equal the facultative migration with respect to the parasite 
action (see: Foci of parasites). 

In addition, we may notice the records mentioned by shaposjinikov ( 1959), when 
dealing with obligatory host alternation in aphids as an escape from natural enemy 
action: Dysaphisspmes on secondary host plants were observed to be less attacked by 
natural enemies than on apple, being protected by the ants on grasses, too. These 
observations arc obviously rather detailed, but we have to mention that the Dysaphis- 
spccics — in connection with obligatory migration — arc attacked by two different 
complexes of parasites during the season, which arc connected with the forest and 
steppe zones. It is possible that the effectiveness of the steppe complex of parasites is 
lower tlian that of the forest. 

In the tropics, where there is a lack of obligatory host alternation, although the 
latter may be found in a species in northern districts of its distribution area, the aphids 
exhibit only facultative host alternation; similarly, it seems there arc also no differen- 
tiated parasite complexes in different types of habitats, a species of aphid being 
attacked by a parasite complex during the whole season. 

Therefore, neither facultative nor obligatory host alternation of aphids seem to 
represent an escape from parasite action. 

- Aphid — vectors. The important role of migrant alated aphids in the spread of virus 
diseases of plants is well known. With respect to the possible role of parasites, two 
basic possibilities may be distinguished: first, the ease when the aphid-vectors migrate 
and attack a given plant specimen. The parasites arc unable to prevent the aphid pnek 
in the plant and the transmission of the disease. Secondly, the parasites may prevent 
the spread of (a part of) aphids from an infected plant as they usually kill the aphids 
earlier before they can reach maturity and migrate to other plants and eventually 
transmit a disease. 


- Biological control. Migration of aphids as a feature of biology of a pest aphid may 
liave a certain significance in biological control as well. 

The habitat dependence of parasites means that the type of migration in an aphid 
has to be kept in muid when a biological control program is elaborated. 

c facultatively host alternating aphids occur in a given type of habitat, so that 
they have to be controlled by parasites adapted for such a type of habitat; in ease of 
facultative host alternation the aphids do not emigrate from a given type ofhabitat, 
and they remain therefore » the area of possible action of a certain parasite complex. 

• *, C ° ’S at ” r y migration, on the contrary, means mostly the occurrence of an 
aplud pest at least in two usually different types of habitats. As the parasites arc 
habitat dependent species, the aplud has to be then controlled by at least two different 
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iccious aphid spcdes — due namely to their obligatory migration — represents a 
difficult task than the control of aphids that are monoecious or anholocyclic 
jehibit only the facultative type of host alternation. 

i spreading possibilities of a newly colonized introduced parasite species repre- 
i problem which is closely dependent on aphid migration as well. As to the 
i of parasites, they attack higher instars of their hosts less frequently so that 
l adults may comparatively rarely be found to be mummified. Similarly, the 
d of parasites via parasitized aJared apliids is comparatively poor. Such typical 
are biown in some parasites of holocydic monoecious or anholocyclic aphid 
is, this feature apparently preventing the spread of parasites to another type of 
at. 

>st instar preference of the parasites has two sides, at least from the biological 
rol point of view. On the one hand, the infestation of an aphid pest in lower 
rs means its mummification before reaching maturity, so tliat a parasitized aphid 
leithcr emigrate to other districts nor produce a certain number of progeny, 
rever, the parasite dispersal via an alate aphid adult is made impossible due to the 
xiontd reasons. On the other hand, the infestation of an aphid pest in higher 
its means that the aphid may reach maturity, although being parasitized, emigrate 
ither districts and there produce a certain number of progeny. However, it is 
>mpanied by the parasites that disperse simultaneously via parasitized alate aphid 
Its. 

he above mentioned two sides of host instar preference may be widely shown on 
example of the biological control of Thcrioaphis tnfolii in California, where one of 
introduced parasites, Trioxys coinplanatiis, attacks lower mstar aphids, while 
thcr parasite, Praon exoktum, infests higher instar aphids and disperses simult3- 
usly via parasitized alated host aphid (sec: sculinges & hall, 1959, etc., v. D. 
CHetal., 1964). 

1 tegrated control. Two rather important phenomena seem to have been stressed 
h respect to integrated control. 

Anholocyclic or holocydic monoecious aphids occur on the given crop (stable 
Tronment) throughout the season, they disperse facultatively to other districts of 
p growing. Their dispersal seems to be common under favourable conditions, 
ing part during the greatest part of the season. Acyrthosiphou pisuni, Thcrioaphis 
olii, etc., may be mentioned as examples. As the period of their dispersal through 
ted adults is not restricted to a certain part of the season, it seems there is no reason 
control the migrant aphids, but to control the aphid population in a crop area as a 
lole through stnp treatment, riming of treatment, etc. Such control measures are 
own to be applied in praxis (see rfes. of Californian authors dealing with the 
mtioned pest aphids). However, it is necessary to stress that the aphids mentioned 
long to compararivdy strictly specialized aphids. 

There is nevertheless another case, when also facultative migrants may be dangerous 
crops, Lc. through transmission of virus diseases. .Myzus per suae is just a typical 
ample, transmitting viruses when facultatively migrating during the season on 
rious secondary host plants, from which the commonly known cases — sugar beet, 
Jtatoes, etc., — may be cited. We have to add that this is a case of a widely poly- 
lagous aphid spedcs, being thus different from the above mentioned cases of more 
cictly specialized aphid spedcs. 
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Holocyclic dioecious aphids, due to their obligatory host alternation, exhibit one 
common feature: they have trees and shrubs as their primary host plants, while 
herbs — to which group the various field crops belong — represent secondary host 
plants. This means that the aphid emigration starts in dependence on climatic features, 
which influence the senescence of the primary host plants, etc., and cause the produc- 
tion of alated progeny and emigration of apluds to a field. The crops — annual mono- 
cultures — mostly do not include any hibernation sites for the parasites, so that the 
alated aphids that disperse lo the given field give origin to new colonics and the 
parasites arc still absent in such a field at that time. The treatment has to be timed to 
such a period. Later on, when the parasites appear, the damage caused by suckmg is 
usually done, and the treatment cannot prevent the damage by aphids, and, more- 
over, it kills the natural enemies (noil-selective insecticides). Sugar beet and its infes- 
tation by Aphis fahae in C. Europe may be mentioned as an example. 

- PARASITES - DIAPAUSE AND QUIESCENCE OF APHIDS. As both the terms — dupaUSe 
and quiescence — have often been misunderstood in various papers on aphid parasites, 
we have decided to give short definitions of these terms also to prevent misunder- 
standing. 

Quiescence represents an interruption of development that is caused immediately 
and directly by unfavourable environmental conditions. As soon as these unfavourable 
conditions do not exist, the quiescent state stops its existence, too, and development 
continues. 

Diapause may be characterized as an interruption of development that docs not 
represent an immediate and direct response of the organism to unfavourable environ- 
mental conditions, being dependent on impulses of environment that have influenced 
the organism in precedent phases of its ontogeny. These phases might occur ui 
optimal zone of ontogeny. The diapause starts to occur m such a period when the 
environmental conditions are still quite suitable for the development of an organism. 

Contrary to quiescence, however, the diapause stops a certain time after the 
unfavourable conditions cease to exist. 

According to the period of the year in which they occur, both quiescence and 
diapause may be acstival, hibernal or aestival-hibcmal. Similarly, in dependence on 
the developmental stage of the organism which is in a given state, both diapause and 
quiescence may be larval, imaginal, etc. With respect to their occurrence they may 
be also obligatory or facultative. 

We may distinguish the following mam kinds of diapause and quiescence ui 
parasites: 

1. Acstival diapause. Obligatory acstival diapause seems to be a comparatively rare 
case, known in some eases of rather close host/parasitc relationships. Facultative 
acstival diapause, although known in some eases exclusively, seems to be a common 
phenomenon of parasite biologies m subtropic climate areas. 

2. Aestival-hibcmal diapause. Obligatory acstival-hibemal diapause is compara- 
tively common, being typical for some groups that are specialized for parasitizing 
certain hosts m a period of the season when the latter possess a certain mode of life. 
Facultative aestival-hibcmal diapause, although knots n m some eases only, seems to 
be also a common feature of parasite biologies in subtropical climate areas. 

3. Hibernal diapause. Facultative and obligatory hibernal diapause is known 111 
some cases as an adaptation to the survival of unsuitable svmtcr conditions. 

4. Hibernal quiescence. This is probably the most common ease of arrested devel- 
opment in the parasites, being most typical for the survival of a cold winter period. 

As the basic kinds of restuig state have often been misunderstood by various 
authors, we have found it necessary to rc-rlassify such eases with corresponding 
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changes in the terms used. In the “Review” the records luve been listed in accor- 
dance with the years, records on country, host aphid and the kind of resting state 
being added. 

Aphidius alius: i960, schuncer, California, Maaosiphum rosae, seasonal diapause 
1960, SCH UNGER A HALL, ditto. 

Aphidtus avenae: 1930, skrIPTSCionskij, Ukraine, Rhopalosiphutn paJi ? acstival dia- 
pause. 1966, stary, S. Italy, Sitobium sp., acstival diapause. 1966, stary, ditto. 

Aphidius cingulatus: orig. records, stary, Czechoslovakia, Ptcrocomma sp., hibernal 

quiescence. 

Aphidius confusus : i960, schuncer, California, Maaosiphum rosae, Dactynotus ntd - 
beckiae, seasonal diapause, i960, schiinger a hall, ditto. 

Aphidius cri’i : 1923, maccill, Gr. Britain, Microlophium evansi, hibernal quiescence. 
I9S4, Fedotova a. RjAatovsKij, Ukraine, Acyrthosiphou pisum, (in living aphids!), 
hibernal quiescence. 

riphtdua fuuebris : Orig. record, stary, Czechoslovakia, Dactynotus sp., hibernal 
quiescence. 

Aphidius megourae : 1964, stary, Czechoslovakia, hibernal quiescence. 

Aphidius nigripes: i960, schuncer, Cahfomia, Maaosiphum rosae, seasonal diapause. 
i960, SCHUNCER & HALL, ditto. 

Aphidius pisivorus: i960, schuncer a hall, California, Acyrthosiphou pisuin, seasonal 
diapause. 

Aphidius ribis: i960, schuncer a hall, Cahfomia, Cryptomyzus ribis, ? seasonal 
diapause. 

Aphidius smith!: i960, hagen a schuncer, Cahfomia, Acyrthosiphou pisum, no 
diapause, i960, 1961, wiacxowski, California, Acyrthosiphou pisum,i diapause-labora- 
tory, 1965, mackauer a bisdee, Canada, Acyrthosiphou pisum, ? hibernal quiescence. 

Diaeretiella rapac: 1926, spencer, U.S.A., Brcvicorynt brassicae, hibernal quiescence. 
1957. ceorce, Gr. Britain, Brcvicoryne brassicae, hibernal quiescence, i960, hatez, 
Netherlands, Brevicorync brassicae, hibernal quiescence, i960, schuncer a hall, 
Cahfomia, seasonal— ?, aestival diapause. 1964, sedlac, Germany, Brcuicoryne brassicae, 
hibernal quiescence. 1965, shands, Maine, Alyzus pcrsicae, perennial occurrence— no 
aestival diapause, no hibernal quiescence. 1966, paetzold a vater, Germany, Brevi- 
coryue brassicae, hibernal quiescence. 1966, way, Gr. Britain, Brevicoryne brassicae, 
hibernal quiescence. 

Diocretuj Icucoptcms : Orig. record, stary, Czechoslovakia, Proliduc/iiius sp., hibernal 
quiescence. 

Ephedms pcrsicae: i960, schuncer a hall, California, Myzus pcrsicae, seasonal—?, 
aestival diapause, 1962, stary, Czechoslovakia, various leaf-curling aphids, aestival- 
hibemal diapause. 1966, stary, Czechoslovakia, various leaf-curling aphids, aestival- 
hibemal diapause. 1966, stary, N. Italy, Dysapltis sp., aesrival-hibemal diapause. 

Ephcdriis plagiator: Ong. record, stary, Czechoslovakia, various aphids, hibernal 
quiescence. 

Eysiphiebus fabarum : 1965, tremblay, Italy, various aphids, hibernal quiescence. 
Lysiphlebtts testaceipes: 192 6, essic, western N. America (U.S.A.), various aphids, 
hibernal quiescence. 

Monoctonia pistaciaccola : 19 66, stary, Italy-Sicily, Pemphigus sp., aesrival-hibemal 
diapause. 

Paucsia spp.: orig. record, stary, Czechoslovakia, Cinara spp., hibernal quiescence. 
Praon abjectum : orig. record, start?, Czechoslovakia, Aphis fabac, hibernal quiescence. 
Praon bicolor : ong. record, stary, Czechoslovakia, Profaloc/imu sp., hibernal quies- 
cence. 

Praon exolelum (= pah tans): 1957, davis et al., California, Thcrioaphis trifohi, seasonal 
diapause. 1959 . V. d. bosch et al., California, Thcrioaphis trifolii, hibernal diapause. 
*959 . schuncer si hall, California, Thcrioaphis trifolii, facultative diapause, i960, 
schuncer a hall, California, seasonal diapause. 15164, force a messenger, California, 
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Therioaphis trtfohi, hibernal diapause. 1964, v. d. boscii ct al., California, aestival- 
hibernal diapause. 

Praon ocadentale: i960, schlinger, California, Macrosiphum rosae, seasonal diapause, 
i960, SCHLINGER & HALL, ditto. 

- Praon simulant: i960, schlinger & hall, California, Acyrthosiphon pisum, seasonal— ? 
acstival-hibcrnal diapause. 

Praon unicus: i960, schlinger, California, Macrosiphum rosae, seasonal diapause. 
i960, schlincer & hall, California, Macrosiphum rosae, Daclynotus amhrosiae, seasonal 
diapause. 

Praon volucre: 1963, Rothschild, Gr. Britain, Hyaloplerus pruni, hibernal quiescence. 

Trioxys angelicae: 1963, boths child, Gr. Britain, Aphis point, hibernal quiescence. 
Orig. record, stary, Czechoslovakia, Aphis fabae, hibernal quiescence. 

Trioxys compianatus (— units ) : 1959, schlinger & hall, California, Therioaphis Irifohi, 
acstival diapause. 1959, v. d. boscii et al., California, Therioaphis Infolii, ? seasonal 
diapause, 1959, schlinger & hall, California, Therioaphis trtfohi, ? hibernal quiescence. 
i960, schlinger & HALL, California,? seasonal diapause. 1961, schlincer & hall, 
California, Therioaphis tnfolii, facultative acstival diapause, 1964, v. d. boscii ct al., 
California, Therioaphis trtfohi, facultative acstival-hibcrnal diapause. 1964, force & 
messenger, California, Therioaphis trtfohi, hibernal diapause, laboratory. 

Trioxys indteus: 1962, scuba rao * sharma, India, Aphis gossypn, ? acstival diapause. 

Trioxys palltdus : 1962, V. D. bosch ct al., California, Chromaphis junglandicola, acstival 
diapause and aestival quiescence. 

Trioxys sp.: i960, schlinger & HALL, California, Cavariella sp., seasonal diapause. 

Note: hibernal quiescence is widely common in the greatest part of aphidiid wasps 
all over the temperate zone at least; it is a common state in which the parasites spend 
the cold winter period. For this reason no other data on hibernal quiescence have been 
mentioned above, although many such records (original) are known to the author. 


- Adaptation of parasites to host diapause. 

-Host specificity — 1. Parasitization of suitable host species, host selection. The 
diapause state apparently requires a well conditioned developmental stage which 
could survive such a period. It would seem, therefore, that only a suitable aphid host 
will be preferred by the parasite $$ the progeny of which enters the diapause. 

Unfortunately, the greatest part of the cases of diapause is known in strictly speci- 
alized parasites (parasites of Therioaphis tnfolii, Chromaphis juglandicola in California, 
parasites of Pcrtphyllus- and Drepanosiphum-aphids in Europe, parasites of Forda- and 
Pemphigus species in Europe, the Mediterranean, and C. Asia), this being naturally a 
typical phenomenon of close host and parasite synchronization as to occurrence. 
There is only one case that of Ephedras pcrsicae — which is a specialized parasite of 
Icaf-curling aphids in Europe, covering nevertheless a number of aphid species 
mostly of the Anuraphidinc and Myzine groups, in a lesser degree of other groups as 
well. According to the companion of the host species found to be attacked by this 
parasite in Czechoslovakia (stary, 1962), wc have ascertained that both main, alter- 
native and facultative host aphids were occurring as diapause cocoons. This would 
show that aU the hosts attacked by this parasite may be used by the parasite to survive 
the unsuitable environmental conditions m a diapause state-last instar larva or 
prcpupa-which had fed on such aphids before entering the diapause. 

Different results have been obtained by schlinger (i960) when studying the 
diapause m parasites of Macrosiphum rosae in California. He observed that some para- 
site species entered the diapause when parasitizing M. rosae, while non-diapausing if 
attacking other host aphids. According to his opinion “diapause in this case results 
fronuhe poor sj-nchromzation °r lack of adaptability to the aphid on the given host 
^ f ° Und lh ' accords mentioned to be rather peculiar and apparently 
cn compare with all the records and our own observations on diapause 



in aphid parasites altogether. There is no doubt that rosae is an aphid introduced to 
the Nearctics, while all the parasites seem to be indigenous species of the N. American 
fauna. Nevertheless, schunger’s observations need apparently further, more detailed 
observations; the statement that the poor synchronization of host-parasite develop- 
ment or poor parasite adaptability results in parasite diapause, has to be verified. 

2. Parasitization of suitable host instars. According to our observations and 
checking of literature records it seems that there is no peculiar host instar selection in 
parasite ?? the progeny of which enters diapause in the last instar larva or prepupa 
stage. This phenomenon seems to be recognizable from the general principles that 
influence the host instar preference in the parasites, when the most suitable instar for 
parasite development is being attacked by the parasite ? (sec: Host specificity). 

The extremely apparent large diapause cocoons of Ephedrus pcrsicac (mummified 
Dysaphis-, Myzus- species, etc.) seemed to show a significance of certain host instars 
or certain host progeny. Nevertheless, a detailed examination of the mummified 
aphids-diapause cocoons of the parasite lias shown that they represent last instar 
nymphs or adults of the fundatrigeniae progeny, while some fundatrices have also 
been found in certain cases. Besides the morphological characters on the mummies, 
the great number of mummified aphids-diapause cocoons present in one curled leaf 
have shown that the mummified aphids must be fundatrigeniae progeny, as the 
fundatrices would be much less in number. Therefore, no selection of certain progeny 
of the host seems to occur in the case of E. persicae. 

Nevertheless, a smgle exception seems to exist in Monoctonia pistaciaecola. The ex- 
amination of the diapause cocoons has shown that they are of unusually large dimen- 
sions; besides, no more than a single such cocoon has been found in a gall of Petnphi- 
£i«-host aphid on Populus-leaves. This observation has resulted in our opinion that 
the fundatrices are apparently the only host progeny which the parasite can attack; 
it is necessary to note that the species mentioned is a specialized parasite of certain 
gall-producing aphids, and the fundatrices are the only progeny attackable as they 
are soon closed inside the growing galls — later, when the gall opens, the alated 
fundatrigeniae progeny appears and emigrates from the gall and simultaneously 
from the habitat, thus representing a progeny unsuitable for parasitization. The 
fundatrices, therefore, seem to be attacked in a higher irntar by the parasite $, never- 
theless, it apparently produces a certain number of nymphs before being killed by the 
parasite larva, as a certain number of aphid progeny may be found inside such a gall 
when it is dissected. 

- Diapause cocoons - The parasite has to spend a certain time in a diapause state. The 
duration of a diapause state depends on various factors, nevertheless, both in cases of 
aestival, hibernal and aestival-hibemal diapause, it is a long termed matter. Naturally, 
special adaptations have developed in the parasites enablingthe best protection of the 
diapause stages during the duration of this state. As the last instar larva or prepupa 
are the most suitable stages in which the parasites spend the diapause period, the 
adaptation may be recognized in the spinning of more or less peculiar diapause 
cocoons. 

The diapause cocoons in cases of apparent obligatory aestival-hibemal diapause, 
which represents a result of strict adaptation of the parasite to the host life-cycle, are 
clearly recognizable and there is no doubt about their peculiarity if compared with 
the usual non-diapause cocoons. Two typical examples may be mentioned: 

Ephedrus pcrsicac (C. Europe). Two types of cocoons have been recognized to oc- 
cur in the species in C. Europe (stary, 1962): (a) Non-diapause cocoons. The mum- 
mified aphids have the usual appearance of parasitized-mummified aphid. They are 
mat, blackish, and smaller in relation to diapause cocoons, the segmentation of the 



Fig. 239. Diapause cocoon of: left: Ephedrus per suae. Aphid: Dysaphis sp.; right: 
Monoctonia pistaciaecola. Aphid: Pemphigus sp. 


aphid skin being easily recognizable. They arc strongly fixed to the leaf-surface, (b) 
Diapause cocoons. The mummified aphids arc unusually large, subglobular in shape, 
shiny, strongly mummified, the segmentation on the host skin being unrecognizable. 
They arc not fixed to the leaf surface. According to the suggestion of Prof, sediac 
(unpubl. notes) there is not a hole on the underside of the cocoons made by the larva 
when spinning the cocoon, so that the diapause cocoon is freely fixed among the 
trichoms of the leaf, etc.; the latter phenomenon seems to be an adaptation to the 
parasitism on the leaf-curling aphids as the diapause cocoons remain inside the curled 
leaves, which protect them simultaneously from mechanical injury. No intermediary 
cocoons have been observed to occur m the species mentioned in Europe (Fig. 239)' 

Monoctonia pistaciaccola.The diapause cocoons— the mummified fundatriccsof the 
host aphids— arc rather large, almost globular in shape, and mat, if compared with 
the usual normal cocoons of other parasites. Similarly as in E. persicae, no hole is cut 
on the underside of the cocoon to mount the cocoon to the surface of the gall. This 
seems to be again a result of adaptation to gall-conditions; the gall represents later a 
defence of the cocoon against mechanical injury. No non-diapause cocoons have 
been observed to occur m this species ( staky , 1966) (Fig. 239). 

In eases of apparent obligatory acstival diapause, which represents a strict adapta- 
tion to the host life-cycle as well, the diapause cocoons do not seem to be distinguished 
in any certain way from the non-diapause cocoons produced in other seasons of the 
year. 

Examples: Diapause cocoons of parasites of Penphyllusspcaes (Tnoxys fakatus, 
Aphiims se tiger, Praon silvestre), and parasites of Drepmosiphum piatanoides (Tnoxys 
emu, Mouoctonus pseudoplataui, Dysmtulus plantceps). 

The diapause cocoons in eases of acstival facultative diapause do not seem to 
exhibit special features, although some differences may exist. 

Examples: Aplndius avenae (Italy) The mummified Sitobton-tphids containing 
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diapause cocoons of this parasite are remarkably dark brown, being easily distin- 
guishable from the light yellowish brown non-diapause cocoons {stary, 1966). 

senUNGER tc hall (1959) reported the occurrence of diapause and non-diapause 
cocoons in Promt exoktunt, an introduced parasite of Thcrioaphis trifolii in California, 
(a) Normal, non-diapause cocoons arc white, and clear enough so that the internal 
parasite is clearly visible through the ventral surface. A brown non-diapause form is 
also produced but occurs commonly in the autumn of the year, (b) Diapause cocoons, 
which are brown have several silk extra-layers, so that the developing parasite is not 
visible through the ventral surface. A white form of diapause cocoons also occurs, but 
it is found only during the early period of diapause inducement in the autumn of the 
year. Nevertheless, according to force at messenger (1964) observations made when 
rearing the parasite under different experimental temperatures, no such classification 
was found to be useful: the cocoons varied from one category to another, both as to 
colour and construction. Similar observations on the diapause cocoons have been 
made by force &. messenger in Trioxys complanatus, another introduced parasite of 
Th. trifolii in California. 

The doubtful value of colour of cocoons for the establisliing of the diapause lias 
also been observed by v.D. bosch (1962) in Trioxys pallidas, an introduced parasite of 
ChroiMpUisjuglmdicola in California, the diapause cocoons mostly being light brown 
in colour, but some were very dark. 

Similarly, wiackowSki (1962) has observed the occurrence of (a) light brown and 
thin, (b) dark brown but thin, (c) dark brown and very thick cocoons, when ex- 
amining the influence of a combination of 50°? and 10 hours constant light on 
Aphidius sinithi in the laboratory. 

Summarizing the above mentioned records and opinions on the diapause and nou- 
diapausc cocoons we may conclude that in the cases of obligatory aestival-hibemal 
in diapause, which is in close connection with the host seasonal occurrence, peculiar 
diapause cocoons arc spun by the parasite larvae (Ephedras persicae, Motioctotiia. pista- 
ciaetola). The lack of a hole on the ventral side of the cocoon made by the larva to 
mount it to the surface seems to be a typical adaptation. The morphological changes 
recognizable in diapause cocoons might perhaps be an adaptation to parasitism on gall 
aphids. 

In other eases of diapause, the cocoons of diapause and non-diapause state do not 
seem to be distinguishable as to their morphological characters. The facultative or 
obligatory diapause, aestival or hibernal, etc., do not seem to play any part. The 
thicker cocoons, according to laboratory observations of various authors, seem to be 
a response of a parasite larva to extreme — both low and lugh — temperatures, as well 
as the colour of the cocoons. 

- Developmental stages - All the literature as well as our own observations agree in 
recognizing the last instar larva - prepupa to be the stage in which the parasites spend 
the diapause period. No differences seem to occur between obligatory and facultative, 
or aestival, hibernal etc., diapause. 

This phenomenon appears to be obvious if the characters of other parasite stages 
are compared with the last instar larva-prepupa stage. Eggs and lower instar larva 
depend on the living hosts being unsuitable for the diapause state. The adult is mobile, 
apparently more vulnerable to physical injuries. The last instar larva or prepupa 
are defended against mechanical injuries by the cocoon and indurated aphid skin, 
being mostly mounted to the leaf surface or occurring inside the galls. 

— Synchronization — Although there can be no doubt about the necessity of seasonal 
dependence of parasites on their hosts, the cases have to be mentioned and grouped in 
a certain way: 
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i. General synchronization of parasite occurrence with the host occurrence (in a 
given type of habitat). The host occurs for the whole season in a certain kind of 
habitat (fields), it possesses a certain mode oflife. Similarly, the parasites start to ap- 
pear in a certain period of the season, a host-parasite population system then occur- 
ring. This is a common case in aphid parasites. Many cases — permanent or semi- 
permanent communities — may be mentioned: Aeyrthosiphon pisum and its parasites 
in C. Europe. Brevicorytie brassicae and its parasites in C. Europe. 

The diapause is usually not developed in such parasite species, there usually being 
only seasonal fluctuations in population densities of both host and parasite. Facul- 
tative diapause is known to occur under mentioned conditions only in some intro- 
duced parasites of Therioaphts infoJii in California, being a response of parasites to 
unsuitable environmental (climatic) conditions, which are connected simultaneously 
with the host scarcity. In the dry subtropics, nevertheless, facultative diapause ap- 
pears to be a common phenomenon — an adaptation of parasites to survival of 
adverse conditions (hot summer). 

2. Synchronization with the appearance of a certain mode of life of the host. In 
this case, the host — due to the peculiarities in biology — changes its mode of life 
several times during the season: for example, certain aphid species may be leaf- 
curling in spring, root feeding in summer, and a freely living species on leaves in 
the autumn. The parasite— because of its host specificity range — occurs during a 
period in which the given host possesses the mode of life to which the parasite is 
specialized. Such a type of occurrence of parasites is made possible by the obligatory 
seasonal diapause. Ephedrus persicae is an inhabitant of deciduous forest habitats in 
Europe, being a specialized parasite of leaf-curling aphids.Thus.it occurs exclusively 
during the period of various leaf-curling aphid species occurrence, and it spends the 
rest of the season, as well as the period of the next year before the leaf curling aphids 
appear again, in acstival-hibcmal diapause state (C. Europe). 

3. Synchronization with a certain period of a certain mode oflife of the host’s ap- 
pearance. In this case, the host changes its mode oflife several times during the season, 
nevertheless, only a certain part of a certain mode of life is suitable for parasitization. 
The parasite, due to its host range as well as to the peculiarities in host biology, ap- 
pears in a certain period, when the mode of the host’s life cycle is most suitable for 
him. The fact has to be stressed that only a part of a certain mode of the life period of 
the host is suitable for the parasite. Obligatory seasonal diapause seems to determine 
such a dependence of a parasite on the host occurrence. Areopraoti lepellcy is a 
specialized parasite of gall aphids (Schizotieura, etc.). Nevertheless, the parasites do not 
seem to occur at the time when the forming of the gall starts, and later the complete 
gall is closed and the parasite, if it were present, would be unable to penetrate inside 
it through its walls. Therefore, the parasite seems to appear just in the period when the 
gall begins to open (last stage) to enable the aphid to emigrate, etc. In this period, the 
parasites invade the gall through the holes, attack the aphids and develop. Although 
no detailed observations have been made up till now by us (no diapause cocoons 
ascertained) we may suppose the aestival-hibemal diapause to occur probably in this 
species as well, otherwise such an exact synchronization of parasite and host would 
not seem possible. There is another possibility, too, that A. lepellevi — being a parasite 
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4- Synchronization with the occurrence of certain host stage. Usually, and this 
seems to he the most common case, the parasites are polyvoltine species. As there 
may be a host instar preferred by the given parasite species found in every aphid 
colony, no strict synchronization of parasite-host stage is necessary. The fundatriccs- 
parasites relationship seems to include some exceptional cases: Usually, the funda- 
trices appear earlier than the parasites and only under exceptional climatic conditions 
they may be found to be parasitized. Example: Dysaphis spp. and their parasites. 
Nevertheless, there exists one rather peculiar ease, when the parasite seems to attack 
just the fundatrix exclusively, spending the period until the fundatrix’s appearance the 
following year in a a estival-hibernal state. Monoctoitia pistaiiaccola. The parasites oc- 
cur from C. Asia, the Mediterranean, to C. Europe, being inhabitants of forest type 
habitats. It is a specialized parasite of some gall-aphids ( Forda, Pemphigus). In the 
material of aphid galls of the mentioned species we have found diapause cocoons of 
the parasite exclusively, usually a single cocoon in a gall. A later examination has 
shown that the fundatrices were exclusively parasitized. It seems therefore that the 
fundatrices — due perhaps to their large size — are the only stage suitable for the 
infestation by the Afonortonta parasite. As the fundatrix lives freely until the gall is 
formed by the plant, it is suitable for attack, its progeny — the fundatrigeniae — is 
smaller in size and seems to be unsuitable for the parasite. Later on, the gall is closed 
and this state lasts until the opening of the gall and the emigration of the aphids.The 
parasite would be able to search for the aphids not before the last mentioned state of 
the open gall. To show the factors probably determining the parasitization, the above 
mentioned may be summarized as follows: (i) The parasite is adapted to some species 
of gall aphids exclusively; (2) the aphid hosts are dioecious and leave the habitat 
after the galls are open; (3) they do not cause any galls till the end of the season, al- 
though they return to the primary host plants (trees) in the autumn; (4) all forms of 
aphids are unsuitable for the parasite except the large fundatrices. It seems therefore 
that the parasite ? attacks the fundatrix before the gall is formed, the fundatrix being, 
however, able to produce a certain number of progeny so that the colony of aphids 
inside the gall then normally develops. As no other suitable host instar of the given 
species, nor a similar stage in other hosts in a later period may be found, the parasite 
spends all the period until the fundatrix’s next occurrence in an aestival-hibemal 
diapause state. The biology of Af. pistaciaecola will apparently be still more compli- 
cated than it seems to be, only relatively superficial field observations being at hand. 
There may be certain differences with respect to the parasitization of Forda-speaes 
and PeHip/itjjiis-species. As to the For dins e, the following summarizing note of 
shaposhnikov ( 1962) may be mentioned: “The origin of the Fordinac, similarly as 
well as that of their hosts, Pistada-spcdes, is connected with arid areas (davatchi, 
1958). The records on biology and ecology of the Fordinae obtained in Israel 
(wertheim, 1954, 1955) show that the origin of the recent cycle is connected with the 
arid zone conditions as well. The transfer of the period of aphid migration from 
summer to autumn, the appearance of arrested state resembling diapause, and the 
appearance of biennal cycle has to be classified as an adaptation to the year’s C) cle of 
their secondary hosts — the cereals. Cereals start growing only after the onset of the 
autumn rainy season and for this reason, the greatest chance to survive have the 
aphid migrants which develop the latest. On this base, we may understand the fact, 
that in all biennal species the galls open much later than in the annual spedes ( SJavum 
ivcrthcimae H.R.L.).” Moreover, the fundatrix of some of the Fordinae species 
causes the appearance at first of a small gall, the large gall being caused by the ap- 
pearance of the progeny. In Pemphigus spedes, i.e. in spedes which are attacked by 
Monoctonia in the temperate zone (C. Europe) where Forda aphids (with the exception 
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of the anholocyclic species) arc absent, the situation is different, both as to the cycle 
and gall formation. 

5. Seasonal occurrence, no particular synchronization. This may be classified as an 
extreme and exceptional ease in the host-parasite seasonal synchronization. In this 
case, the parasite host range and its biology as a whole enables it to parasitize the 
mostly on root or root-collar living aphids. To say it more precisely, it may belong to 
an ant-nest community, being fed by ants. The seasonal history of different aphid 
spcdcs causes tlut during the whole season some aphid species may be found on 
roots, either root-collar aphids in spring, or root aphids and root collar aphids in 
summer and autumn. The parasite, therefore, docs not need to be synchronized with 
any particular host aphid, moreover, it seems to pass wmter in hibernal quiescence in 
an adult stage as a member of the ant-nest community, appearing in spring in the 
period when the aphids start to appear on the roots or root collars as well. No 
diapause state is necessary’. 

- Adaptations of parasites to host quiescence. Our field observations carried out on 
numerous species in C. Europe have shown that parasites spend the hibernal quies- 
cence period in hosts they parasitize in the autumn before entering the quiescent 
state. 

-Quiescence cocoons- As it is generally known the aphids mummified in lower 
temperatures arc relatively larger as w ell as the parasites w hich emerged if compared 
with those mummified and emerged in high temperature conditions. Such mum- 
mified aphids arc generally of a darker colour, too. This phenomenon is true also for 
the hibernal quiescence cocoons, being apparently influenced by the lower tempera- 
ture conditions that occur in the autumn. 

- Developmental stages - The aphids hibernate mostly in an egg stage, remaining in 
such a stage until spring of the following year. The egg stage is undoubtedly the 
most advantageous stage in which the aphids can survive the cold winter conditions. 

The parasites have adapted in a similar way’, surviving winter in a most suitable 
stage as w’clL Nevertheless, in this ease, it is neither the egg nor lower instar larva 
stage, which depend on the occurrence ofliving aphids, nor the adult parasite, which 
is unable to survive the severe cold conditions of winter, although they are able to 
survive such conditions for a shorter time. According to s pen era (1926) the adults of 
Diaeretiella rapae survived temperatures from -12 0 to + io°C, but were unable to 
overwinter. The last instar larva, prepupa or pupa, which do not depend on the 
existence of a living aphid, may survive changes of temperature and are protected 
against a mechanical injury by a cocoon, arc the most suitable stages in which the 
parasites hibernate. Numerous observations of various authors (macgill I9 2 3» 
SPENCES, 1926, ESS1G, 1926, ROTHSCHILD, 1963, HAFEZ, 1961, SEDLAC, 1964. CtC.) and 
those of the author (start, 1964, 1966, etc.) are of the same opinion, i.e. that parasites 
survive winter inside cocoons. 

Certain differences may be found in opinions on the hibernating stage, both last 
untar larva, prepupa or pupa being mentioned. 

Rather interesting observations have recently been pubhshed by broussal (1966). 
This author made a histological comparison of normal last instar larva, normal 
prepupa, and hibernating last instar larva of Diaeretiella rapae . With respect to the 
results obtained on the ground of histology he classified the state as pseudo-quies- 
cence, an adaptation to hibernal period. Hibernating Last instar larva exhibited the 
following differences if compared with normal last instar larva: epithcl of prcpupal 
type, dehydra tation of meconium, histolysis of silk glands, the differences with 
respe* to normal prepupa were as follows: structure of alimentary tract similar, 
tlenydratation of meconium identical. In hibernating larva the development of 

136 



BORDER 


EXTERNAL MEMBRANE 

NUCLEUS 
VACUOUSED;_^ 

‘ NUCLEUS CYTOPLASMA "rS 

INTERNAL MEMBRANE b _, ^ 

LUMEN MUSCULATURE 

CORPUS AD IPO SUM—. 




COAGUUJM OF BLOCO 



Fig. 240. Histological sections showing differences in structure of intestinal epithel and 
silk glands of normal last instar larva, normal prepupa, and hibernating last instar 
larva o£ Diacrctictta rapae (redrawn from broussai, 1966). Structure of intestinal epithel 
(a section), b — normal last instar larva, c — prepupa, f — hibernating last instar larva. 
Silk gland (transversal section) , a — normal last instar larva, d — prepupa, c — hibernating 
last instar larva. 
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imagmal organs is inhibited, while silk glands, which are a typically larval organ, 
are degradating and atrophing, being nevertheless present during the whole hiberna- 
tion pcriod(Fig. 240 ). broussal classified thestage mentioned as having a pathological 
character. He stressed his opinion by observation on the fecundity of first generations 
and acstival generations of the parasite, of which the spring generation exhibits 
lower fecundity, there being virgin or mated 9$. In our opinion, there can be no 
doubt about the differences between normal last instar larva, prepupa, and hiber- 
natuig last instar larva, respectively; the histological proof shown by broussal is 
satisfactory enough as well as his observation on the different fecundity of various 
generations during the season. However, it seems perhaps incorrect to classify the 
state as exhibiting pathological features: it is highly improbable that the whole group 
of aphiduds would adapt itself to survival of hibernal period in the temperate zone in 
a pathological way. Of course, hard winter conditions may result in lower fecundity 
of spring generations, etc. 

There is probably one exception known to occur among the aphidud wasps — 
Paralipsis cnervis (stary, 1962, 1966). Tliis species was found to hibernate in an adult 
stage in an ant-nest. This is undoubtedly the adaptation of the species mentioned as it 
is a highly specialized parasite of root apliid species attended by ants. This phenom- 
enon — the close parasite-aphid relationship — enables the parasite to hibernate as an 
adult m the ant-nest community in a similar way as other symphils and other 
members of the ant-nest community do. 

- Synchronization - The parasites seem to occur in a community until an almost 
entire lack of aphids in the late autumn or in winter: 

In C. Europe, in the late autumn, Ephedrus plagiator and Praon volucre may be 
found to attack Hyalopterus pruni that occur on reeds and begin to migrate to plum 
trees (primary host plants). In the same time, the parasites also parasitize the sexuales 
of various aphid species, that migrate to Rose-shrubs (primary host plant) — Silobnnn, 
Metopolophiuin, etc. 

Similarly, all the three common parasites of the black bean aphid ( Aphis fabae) 
can be found to attack the oviparous 99 that occur in the late autumn on Euonymus 
curopaca; numerous parasite cocoons may be found among the aphid eggs laid on 
the bark of young branches. 


In the perennial field communities, two typical cases may be mentioned (C. Eu- 
rope) : Aphidms ervt, Praon dorsale , parasites of Acyrthosiphon pisurn, may be found late 
in the autumn attacking oviparous aphids that lay eggs on alfalfa. Diaerettella rapae is 
blown to occur actively till the very late autumn and also in winter, attacking 
rcvicoryne brassicae (apparently the tropical, parthcnogcnetic strain — author’s note) 
on Brassica crops. 

There is a basic difference between the seasonal occurrence of aphids and parasites 
as to the hibernal quiescence quarters. 

As has already been mentioned, the parasites occur in a certain type of habitat 
during the whole season. That means that the parasites also hibernate in the same 
type of habitat in which they occur throughout the year. 

In aphids, there may be a similar seasonal history in holocyclic monoecious or 
an 10 oc),c c species. Nevertheless, there is a difference in holocs die dioecious species, 
hat usually change the habitat in accordance with their obligatory migration. In the 
latter case, nevertheless, the habitat of primary host plant-t.c. the forest type habitat 
m all carep, the most important. From thrs habtta, the aphttls emigrate in the late 
spring and rc-mrgratc there in the autumn. Their sexual progeny that occurs on the 

em".“,?ih h0i r PU ' ,t> V 1 ',. Produces the oviparous progeny that lays 
egg,, ts therefore attacked by the same paras, te complex a, ,p™|. 
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The parasites occurring in steppe type habitats may hibernate in holocyclic monoe- 
cious or anholocyclic aphids, as the dioecious aphid species do not occur in these 
habitats except for the summer period. 

- Geographic distribution. The aphids have generally spread over the world in the 
following two ways: (i) Natural spread, (2) Human agency (accidental introduction 
with crops, etc.). 

The natural spread is mostly gradual so that the parasites usually become adapted, 
or the parasite area may be even greater than that of the given aphid, the latter case 
being common in certain widely specialized parasite species. 

Strictly different is the case of aphid spread through man’s agency. It is usually 
connected with the overcoming of a certain geographic barrier (ocean). If the aphid 
finds the new environmental conditions suitable for its occurrence, then under certain 
circumstances, it may become a serious pest. The latter case is typical for sonic aphids 
that arc taxononiically and ecologically isolated from indigenous fauna of the given 
area; in this case the indigenous parasites do not adapt themselves at all or only very 
slowly : Thcrioaphis trifolii and ChromaphU juglauJhoIa in California may be mentioned 
as examples. Otherwise, if the aphid is taxonomically-ecologically related to the 
indigenous fauna, the parasites usually soon adapt themselves to a various degree. 

As mentioned above, the arrested development is an area-dependent phenomenon. 
This means that the native parasites occurring in a certain area may or may not 
possess certain adaptations of this kind, nevertheless, they do not seem to change 
these features due to the adaptation to parasitism on a newly introduced host species; 
synchronization of various degree is then the result. On the contrary, a newly intro- 
duced parasite species must adapt itself to the new environment, in which it has to 
occur — adaptation to climatic conditions, new alternative host parasitization, etc. — 
resulting in either unsuccessful establishment or in its occurrence depending on its 
ecological optimum, which may be of a somewhat different kind than had been 
planned by the biological control specialist before the introduction of the parasite 
was made. 

- Horizontal distribution - The comparison of separate cases of an arrested develop- 
ment state in the parasites has shown that certain differences may be found in the 
three basic climatic belts, representing results of adaptation of parasites to the changes 
and peculiarities of the aphid life-cycle, which exhibits apparent zonal dependence. 

I. Temperate zone. Hibernal quiescence is a rather common phenomenon in a 
number of spedcs, enabling the survival of a cold winter period. Acstival diapause 
and aestival-hibemal diapause are rare, representing apparent consequences of parasite 
specifirity, which makes the parasite occurrence impossible except during the period 
when a certain stage or certain kind of mode of host’s life may be found. 

z. Subtropics. Acstival diapause is very common, enabling the survival of hot 
summer conditions. Aestival-lubemal diapause occurs too, under similar circum- 
stances as in the temperate zone. In comparison with the temperate zone, seasonal 
summer diapause seems to be very common in parasites occurring in the subtropics. 
For example, according to SCHUnger & hall’s (i960) observations, diapause has been 
ascertained in 13 of the total number of 22 parasite species found in California. For 
comparison, the author lias ascertained 8 cases of seasonal diapause of the total number 
of 105 spedcs found in Czechoslovakia. 

3. Tropics. Because of the conditions of climate (photoperiod, temperature and 
humidity), as well as because of historic conditions, such aphid speaes are today 
distributed in the tropics that represent common and widely distributed aphids, 
besides a less numerous typical tropical aphid fauna. The commonly occurring 
phenomena have to be stressed in this connection, that the spedcs that are holocydic 
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(dioecious) in the northern parts of their distribution area are anholocycbc in the 
tropics, due clearly to the suitable conditions of climate which is not connected with 
such strong changes as the cold winter in the temperate zone, or the extremely hot 
summer in the subtropics. 

The parasites have often been observed to be very effective in the tropics, never- 
theless, as far as it is known, they arc usually biparcntal in reproduction. 

According to our observations in Cuba in 1965, which naturally need further 
support if they are to be applied to other tropical districts, no acstival or hibernal 
diapause has been observed both in the aphids and parasites. Although there is a deep 
influence on both the groups, which is, nevertheless, different in different floristic 
zones, of the dry and wet seasons of the year, it seem to be responsible for the changes 
in population densities. 

4. Greenhouses may be characterized as artificially developed environments, 
which can be very different — as to the composition of flora grown — from the 
neighbouring floristic associations (for example, tropical plants grown in the temper- 
ate zone greenhouses), or it may be about the same, being somewhat different as to 
the growing period exclusively (field crops in economic greenhouses of the temperate 
zone). The main differences occur during the winter period in the temperate zone, 
when the country is covered with snow, no green plants appearing, short day period, 
etc., while there is a rather suitable temperature — usually over 20°C— in a heated 
greenhouse, enabling the successful growth of various mostly tropical and subtropical 
plants. 

The composition of aphid and parasite fauna occurring in greenhouses is of a 
different origin. Generally, it includes typical greenhouse species, which arc mostly of 
tropical origin, or it may represent members of environmental communities that 
invaded the greenhouse usually during the spring-summer-autumn period and found 
this environment suitable for existence. 

The short day of the winter period in combination with a convenient temperature 
represents very useful conditions for various aphids of tropical origin exclusively, 
which arc most numerous and cause damage just during the winter. 

There is no doubt that the artificial conditions, which arc so different from those 
in the open, may also influence the parasites as to the occurrence of arrested develop- 
mental periods. According to our observations, aphid parasites (various species) have 
been found to occur in greenhouses during the winter as well, being rather effective 
in some cases. Nevertheless, no more detailed studies on this and allied problems have 
been undertaken to date. 

- Vertical distribution — Vertical zonation of floristic associations has — as is generally 
known similar laws as the North-south horizontal zonation in distribution. For 
instance, boreal communities such as tundra, forest tundra, etc., which occur in 
certain latitudes in Europc.may also be found in the higher altitudes in themountauu 
in Europe and the Caucasus, etc. Similar climatic conditions generally therefore occur 
in a floristic zone irrespective of whether it occurs m the lowlands in the north or in 
the mountains in the south. 

As both diapause and quiescence arc conditioned at first climatically, other via 
host biology peculiarities, or through direct response of the parasites to climatic 
influences, both horizontal and vertical zonation seem to exhibit the same charac- 
teristics as to the state above mentioned. 

Although comparatively little has been known about these phenomena, we may 
at least summarize our knowledge, some examples being mentioned in this connec- 
tion: 0 

It seems iliat m the ease of parasites of dioecious aphid species, the obligatory 
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acstival-hibcmal diapause, similarly as hibernal quiescence, docs not seem to be 
vertically dependent (in the temperate zone). For instance, acstival-hibcmal diapause 
cocoons of Ephedrus pcrsicae have been found both in the lowlands, submountains 
and mountains in C. Europe (Czechoslovakia) as well as in the proximity of upper 
tree limits in Italy (Alps) or in the dose ndghbourhood (Yugoslavia, Alps) at an 
altitude of about 2500 m. Similarly, acstival-hibcmal diapause cocoons of Monoctonia 
pistaciaceola have been found in the mountains of C. Asia, in the lowlands of southern 
Italy, and in the lowlands and submountains of C. Europe (Czechoslovakia). 

On the other hand, differences as to the diapause have been found in the case of 
Therioaphis trifolii parasites (introduced) in various areas of subtropical California, due 
apparently to the differences in host biology, various climatic conditions, etc. (v. D. 
bosch et al., 1964). 

- Influence of Quaternary glaciation (Europe) - The influence of the Quaternary 
gladation has generally influenced the floristic zones in forcing them to move to the 
south, in eradicating some of them, re-emigration occurring in a number of cases to 
the north after the gladation influence liad gone. The same seems to be true of the 
aphids and parasites. Nevertheless, some plant species were eradicated by the in- 
fluence of the gladation, and they were unable to spread northwards into the former 
parts of the distribution area. Correspondingly, the aplnds — the specialized species— 
were unable to spread cither, or they have spread as anholocjchc sperics ( Forda spp. 
in C. Europe, etc.). 

The comparison of biological features and geographic distribution of separate 
parasite species has shown that diapause and quiescence represent responses to the 
given type of climate; the Quaternary glaciation does not seem to have any basic ef- 
fect on them as they apparently had occurred before this period. A clear example may 
be mentioned here: Monoctonia pistaciaecola is a typical member of the Mediterranean 
faunistic complex, which is distributed over the Mediterranean, Crimea, penetratmg 
to C. Asia and C. Europe. It seems to be a very ancient complex. In the southern 
areas, the parasite spedes mentioned attacks the Icaf-curUng aphids of the genus 
Pemphigus and Forda. Aestival-hibemal diapause cocoons were found m samples from 
the district menuoned above. Nevertheless, in the northern parts of the area— due to 
the absence of Forda species as leaf-curling aphids (they arc anholocyclic, living on 
roots in C. Europe) — it attacks only the Pemphigus spedes, the diapause cocoons 
being very commonly found there, too. This may be classified as a primary adaptation 
of the parasite to the host life-cycle (leaf-curling aphids of certain groups), which has 
outlasted the faunal migrations and changes caused by the Quaternary glaciation in 
C. Europe. The mentioned example of obligatory aestival-hibemal diapause shows 
the apparent and very ancient host-parasite relauonship as to parasite adaptauons to 
the seasonal occurrence and life cycle of the host. 

- Parasite fauna. As is recognizable from the changes in the life-cyde of aphids with 
respect to their distribution, there is no doubt that also the parasite adaptations, both 
diapause and quiescence, will possess similar features. This means, and it has been 
mentioned earlier by various authors (v.D. bosch et al., 1964) that arrested develop- 
mental stages are area dependent phenomena. They must be considered as typical 
features of the biology of parasites in a certain area, bemg of course specifically de- 
pendent. They may change in various parts of the total distribution area or they may 
not. An example may be mentioned showing simultaneously the importance of an 
arrested development state ‘s occurrence ui the parasite m a certain area in case of 
parasite introducuon exclusively: according to hagen & schlinger (i960) AphiJttis 
smithi docs not apparently have a diapause, being active throughout the jear if 
aphids are present. This seems to show that the parasite populations introduced have 
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been collected in a district where such conditions have occurred. However, the lack 
of diapause does not allow the parasite to survive the hot summer period connected 
with the aphid’s absence that occur in some interior parts of California. On the other 
hand, the lack of diapause has no t prevented the successful introduction of the pa rasite 
to Hawaii, where the tropical climate enables the continual occurrence of the aphids. 

Photoperiodicity is without any doubt an important factor influencing the occur- 
rence of arrested states in the parasites. According to de wilde (1962), there is an 
increasmg amount of data showing that the photoperiod is one of the most important 
isolating factors in intraspceific geographical differentiation and, consequently, in 
mscct evolution. Photopcriodic response in local strains of an insect species may dif- 
fer according to the geographical latitude at which they occur without being ac- 
companied by characteristic morphological features. Such strains may differ: (r) in 
intensity of photopcriodic response, (2) in effect of temperature on response, (j) in 
critical photopcriod. With increasing latitude, local populations of insects generally 
tend to be more and more univoltinc, the strains of high latitude often showing 
obligatory diapause. Moreover, a photopcriod-induccd diapause tends to be more 
intense in populations inhabiting high latitudes. Research of this trend is a matter of 
the future in the case of aphid parasites. 

- Seasonal history, host specificity. Factors influencing the distribution and host spe- 
cificity seem to be the mam key factors in understanding the diapause and quiescence 
in parasites. 

Research studies on the host specificity of parasites with respect to the evolution 01 
both the groups have shown that it is determined by two main factors: (1) By *hc 
habitat, (2) by the presence of suitable host(s) in this liabitat. As to the host suitability, 
the taxonomic relationship as well as the biology, mode of life, etc., of the aphid, 
play an important role of various mutual significance and influence (details, see: 
Host specificity). 

With respect to the presence of diapause and quiescence it is necessary to stress the 
importance of the liabitat in connection with aphid biology to understand the season- 
al role of both the phenomena mentioned. As we have shown in the geographic 
distribution paragraph, the parasites arc attached to certain floristic zones, and this 
feature also basicily determines their geographic distribution. The parasites do not 
alternate the kinds of habitats during their occurrence in the season. 

The aphids, on the contrary, often alternate the kinds of habitats during the season. 
The obligatory migration, connected with the habitat alternation, is lacking in some 
groups of aphids (Lachmdac, Chaitophoridae, Callaphididac); in other groups there 
is an obligatory migration, nevertheless, there is no habitat alternation (Adclgidac); 
m other groups, there is obbgatory migration connected with the habitat alternation 
as a necessary part of their life cycle. The facultative migration, representing the alter- 
nation of host individuals (or some parts of them) of the same host species in the same 
type of habitat is commonly v. idespread among the aphids. Various kinds of habitats 
exhibit a various degree of stability as to the temperature and R.H. conditions ui ac- 
cordance w«h seasonal changes. Better to say, the biology of aphid species is deeply 
influenced by the climate in various parts of their distribution area, for example, it 1 * 1 
common feature that some species arc dioecious in northern parts and anholocyclic 
in southern parts of their distribution area. etc. Therefore, diapause m parasites has 
developed as an indirect seasonal and area-dependent response to: (a) host presence in 
the habitat for a certain part of the season, host absence due to us migration then fol- 
lows. examples: Ephedras ptrsicae. which is dependent on the occurrence oflcaf- 
ua Udi duxu, S *P rui S m temperate zone (C. Europe). 

(b) l lost presence m the habitat in a suitable stage at a certain part of the season, the 
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suitable stage then protected against attack (galls), host absence due to migration then 
follows. Example: Monoctonia pistaciaecola, restricted to the period what fundatriccs 
of its hosts occur, their progeny being protected against parasite attack by their oc- 
currence inside the galls, the emigration of aphids following after the opening of the 
gall. 

(c) Host presence in unsuitable stages for parasite attack during a certain part of the 
season. Example: Parasites of Drcpanosiphum platanoidcs, PcriphyUits-spccics, in decid- 
uous forests habitat (C. Europe). 

(d) Host presence either in suitable stages (more or less numerous), climatic condi- 
tions during a part of the season not suitable for parasite active life. Example: Some 
introduced parasites of Therioaphis trifohi m some parts of California, parasites of 
Sitolium-spccics, etc., in the subtropics (Europe). 

Quiescence in the parasites may be classified as a direct seasonal and area dependent 
response of a parasite to unfavourable environmental conditions occurring at certain 
periods of the year. Example: Hibernal quiescence in various parasites in temperate 
zone ofEurope. 

Generally, it seems that obligatory diapause is less developed in widely specialized 
parasites, while the species more strictly spcaalizcd — both taxonomically and eco- 
logically — seem to exhibit a higher percentage of this state's occurrence. 

Facultative seasonal diapause in parasites seems to be typical for the dry subtropic 
zone conditions. 

In addition, it is necessary to note that the method of taking samples is of great 
importance for ascertaining the occurrence of diapause cocoons m aphid parasites. If 
the samples are taken too early, too late or at irregular intervals, there is a possibility 
that no diapause cocoons will be found or an untrue period of their occurrence may be 
ascertained. For example, (see stary, 1962) diapause cocoons have been mentioned as 
occurring in May, June and July in Ephedras persicae in Czechoslovakia. Nevertheless, 
they are apparaitly produced at the beginning of spring exclusively. They may, 
however, be found in the curled leaves for the rest of the season among the living 
aphids (Results of dbcussion with Prof, sedlag, Dresden, unpubl. notes). 

- Interspecific relations. There is no doubt that the best type of synchronization of host 
and parasite seasonal occurrence is the continual occurrence of both of them through- 
out the year in a certain type of habitat. Such cases are known from certain areas 
where the climatic conditions enable the occurrence of green plants continuously, 
enabling the occurrence of aphids and their parasites simultaneously. 

Nevertheless, some environmental conditions — both climatic and peculiarities of 
host life-cycle — have stimulated the appearance of certain adaptations in the parasites. 
Parasite species that were unable to develop such adaptation have been forced to oc- 
cur in such conditions of environment where such adaptations were not necessary. 
For example, Aphijius smithi occurs in such areas m California, where there is no 
seasonal host absence due to the hot summer conditions, as it is unable to survive such 
a period in an arrested developmental state (hagen si schlinger, i960). 

One group of adaptations-states of arrested development enables the parasite to 
survive a certain period of the y ear when the environmental conditions are unsuitable 
for its development cither due to direct climatic influences, or due to the absence, 
scarcity’, or unsuitable stage existence of the host. 

Generally, these periods of arrested development may be classified as suitable for 
the parasite in its interspecific relations with other parasites and natural enemies. 
Aestival diapause, acsrival-hibemal diapause, hibernal quiescence, whether being a 
closer adaptation of the parasite to the host life-cycle or not, all these states have one 
common feature: they enable parasite existence in a certain habitat in which the host 
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occurs or will occur after a certain period in a stage (mode of host life, etc.) thatis— 
due to various reasons-suitablc for the parasite’s attack. Parasites that do not exhibit 
such a kind of adaptation cannot succeed in this case and have to adapt themselves in 

another way. . c 

The seasonal occurrence and adaptations of the two introduced parasite species ot 
Thenoaphis tnfolii in various districts of California may be mentioned in this con- 
nection; due to the various ecological optima, the species arc successful in inter- 
specific relations to a various degree in dose dependence on the given district and its 
climatic conditions(v.D. BOSCH ctal., 1964). Tnoxys comphnatus mayor maynotcarry 
on vigorous activity in wintertime. In most areas it commences intensive activity in 
early spring after emerging from the diapause induced the previous summer. 
Depending on the area, this activity may continue through spring and summer an 
on into the autumn. Intensity of autumnal activity obviously depends on the degree 
of diapause induced in the summer and, of course, on the abundance of suitable ap 
hosts. If summer temperatures arc sufficiently high, a substantial percentage o t e 
population passes into diapause, and there may be essentially no resumption o 
activity until next spring. This would be particularly true if aphid hosts were scarce in 
late summer and autumn. But if there is a limited diapause and aphid hosts arc 
available, activity can be continuous through summer, autumn, and into winter. 
Furthermore, where there is a carry-over of this parasite into winter, it will continue 
to reproduce as long as aphid hosts are available for it and minimum temperatures are 
not lethal. In the warmer areas wintertime activity can be continuous and intensive. 
Praon cxoletmn is active principally m springtime and late summer and autumn. At 
best, it is only very feebly active in the hibernal period since the bulk of the popula- 
tion passes into diapause in autumn and early winter. Its emergence from diapause 
occurs in early spring, and there is a flourish of activity until early summer when t c 
wasp becomes scarce. This appears to be a product of host scarcity and the adverse 
effects of hot weather. In this connection, direct lethal effects of high temperatures on 
larvae, pupae and prc-cmcrgent adults of this parasite have been observed in some 
districts of California (schlincer & hall, i960). There is no evidence that acstivai 
diapause occurs in this species. With the return of cooler weather in late summer and 
autumn, the parasite gains reproductive momentum and reaches a second peak o 
activity in the autumn, after which it fades away as the bulk of its population passes 
into hibernal diapause (v.D. bosch ct al., 1964). 

When the seasonal occurrences of both the parasite species in certain areas ot 
California that exhibit conditions of aridity and high temperature in summertime 
arc compared, there is no doubt that Tr. complanatns is more successful just owing to 
11s ability to survive the lethal summer temperatures in an acstivai diapause state; the 
hibernal diapause of Praon docs not seem to be apparently advantageous, while the 
lack of acstivai diapause is clearly disadvantageous. 

There is no doubt tliat under other ecological conditions Pr. exolelum might become 
the predominant species just due to us hibernal diapause. For uistancc. m districts with 
mild summer and severely cold winter conditions the hibernal diapause (or quies- 
cence) would be very advantageous (v.D. bosch ct al. 1964) 

- Dispersal of cocoons. Both diapause and quiescence cocoons represent primarily 
dead mummifled aphids and for this reason they may be found at first among the 
living aphids, near the aphid colony, etc. bang dispersed in the usual way as the 
other non-dupausc and non-quicsccncc cocoons. 

There arc nevertheless several features that may separate the cocoons into several 
groups- 

It is a common thing that with the growing of the top of the plant, which » 
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usually attacked by the aphids, the latter follow the growing parts and move gra- 
dually higher and higher ; the mummified apltids are immobile so tliat they can soon 
be found remaining on older leaves. This behaviour may be observed in almost all 
the aphids tliat attack some quickly growing parts of plants, being less apparent in 
trees, etc. SCHUKCER (i960) when studying the biology of aphidiid parasites of 
Macrosiphum rosae in California, gives a nice description of the gradual occurrence of 
diapause and non-diapause cocoons on the leaves of various age. Similar observations 
seem to be true for the parasites that attack this aphid in Europe as \\eU(Aphidius rosae, 
Praon volwre), except for the lack of diapause cocoons in the mentioned species. 

If the significance of diapause and quiescence for the parasite is dealt with there is 
no doubt that the primary function of these stages is to survive a certain unsuitable 
period in a suitable stage. This means, the parasites survive the period until the host 
appears in the same habitat again and the parasites may attack it. There are nice 
examples known to illustrate this adaptation — leaf-curling aphid parasites, parasites of 
Drepanosiphum- and Pcriphyllus-spcdcs, Le., all the mentioned examples of parasite 
adaptation to the arrested development period of the host, all of them being men- 
tioned earlier in a more detailed way. 

There is in general no difference between diapause and quiescence from this point 
of view. As to the dispersal of diapause and quiescence cocoons, they at first occur 
among the other aphids, nevertheless, later in the season they remain on a plant while 
the aphids have often migrated from the habitat. Thus, we may find diapause 
cocoons of Ephedrus pcrsicae in old leaf-curlings in the late spring when there are no 
more aphids present on the trees, etc. 

However, certain differences as to the degree of usefulness and adaptation may be 
found in separate cases: 

Such spedes, which spend the diapause state — depending on the host — in the close 
neighbourhood of the host colonies or specimens, may find the host to be really 
present after their diapause state is broken, this being usually somewhat later than the 
break of the host diapause. These are the cases of aestival diapause of parasites of 
Drepanosiphum , Periphyllus, , etc, aphid. 

Other species, such as Ephedrus pcrsicae, have to spend a year in a similar habitat 
where the host is expected to appear in the following year. Their position is, there- 
fore, somewhat less advantageous. 

Quiescence cocoons are mostly found at the very same places i.e. habitats, as their 
hosts. This is easily to be understood because of the main features of the (hibernal) 
quiescence state: the aphids as well as the parasites occur on the plants until they enter 
the quiescence state due to the influence of the cold period. A number of examples 
could be mentioned: Brcvicoryne brassicae and Diaeretielh rapae, Acyrthosiphon pisum 
and Aphidius ervi, m Europe, etc. 

In some cases, the oviparous generation of the aphids occurs in some special parts 
of the plants where they then deposit eggs. Oviparous apterous $$ of Aphis fabae lay 
their eggs on the younger branches of Euonymus europaea (C. Europe) in the late 
autumn; they arc still attacked by the parasites (Ep/iedms plqgintor, Praon abjectum, 
Trioxys atigelieae) and thus the mummified aphids (hibernal quiescence cocoons of the 
parasites) may he found on these branches as well in the proximity of the laid eggs. 
As the sexual progeny occurs for a certain period earlier on the old leaves, it would 
seem that the parasite larvae “prefer” the branches instead of the leaves to spin the 
cocoon on. 

A similar case has been observed by v.d. bosch et aL (1962) in the case of Trioxys 
pallidas, a parasite of Chromaphis jttglauJicola. In the autumn, they also observed an ap- 
parently greater number of quiescent (“diapause”) mummies on the bark than on the 



twigs; this has been caused by the parasituation of the aphid oviparous which 
carried the parasites within their bodies on the woody parts of the trees due to 
their instinct to move off the leaves to their ovipositional site. 

The dispersal of diapause and quiescence cocoons, therefore, may be generally 
classified as being very poor, being restricted more or less to the habitat in which the 
aphids have occurred before migration, seasonal diapause, or quiescence. 

- Hyperparasiles. Principally, hyperparasites are more important with the advance 
of the season. Early in the season the aphids begin to appear, later on the aphidiids 
(primary parasites), being then followed by the hyperparasites (secondary and tertiary 
parasites). The significance of hyperparasiles is different in individual cases. Little is 
known about the seasonal history of hyperparasites, with respect to the arrested 
development periods of primary parasites exclusively. 

According to sexjlag’s (1964) observation, the hyperparasiles appear later in spring 
than the primary parasites (Diaeretiella rapae, Germany). They may cause, therefore, 
a decrease in number of hibernating parasites as well as of their progeny in spring. 
This observation seems probably to be true, also in the greatest part of parasites that 
spend winter in a hibernal quiescence state, the emergence succession of primary and 
secondary parasites being apparent if samples at regular intervals are taken from 
colonics of various aphids and reared in the laboratory during the spring ( Aphis 
fabae, etc). 

The seasonal history of hypcrparasitc species that attack acstival-diapause and 
acstival-hibcmal diapause cocoons of parasites seems to be more complicated. Ac- 
cording to our observations, hyperparasites emerged from acstival-hibemal diapause 
cocoons of Ephedrus persicae in the spring of the following year; this means that they 
enter diapause under similar influences as the primary parasites do. 

Similarly, hyperparasites of primary parasites of Periphyllus and Drepanosiphuin 
aphids were observed to occur in spring and in autumn exclusively, this again in con- 
nection with the seasonal history of the primary parasites. 

Although further detailed observations are necessary, it seems that the hyperpara- 
sites are well synchronized with the appearance of the primary parasites, which they 
may attack. 


Considerations of quite an opposite significance have been made by schunger 
(i960), when studying the factors influencing the effectiveness of primary parasites — 
the aphiduds of Macrosiphum rosac in California: two groups of secondary parasites 
have been found to attack this aphid. Parasites of the first group IPachyneuron sipho- 
nophorac ashmead and Asaphes cahjornicut cir.) attacked the primary parasites (Apbi- 
elu VT SPP '* t nd rea <% from the non-diapausc and diapause cocoons 

of both the hosts. The second group of secondary parasites included several species of 
c cynipi artps, and the cncyrtid Aphidauyrtus aphidivorus mayr: emergence 
during the season was from non-diapause cocoons only. According to SCHIINCER the 
ava a lty o a rge number of diapause cocoons as well as a smaller number of 
non-diapausc cocoons throughout the entire season in which the secondary parasites 
may oviposit is the cause of abundant hyperparamism of the aphidnne populations, 
*“”“?* bcmB ^detrimental to the effectiveness of the primary 

host ranm* ^ paramc * c ^ cc «ivcncss seems also to be a result of their wide 

host range (sciilincer & hall, i960). 

' cUlIonsh 'P “ of great s,gn.fiauicc for b ^ 
‘°f < ton.ro . corropondmg rcsorch u lughly recommended. 

Comprrauvcly lmle known .bon, .he dnp.nre end 
“ ,Jua,on f '° m khomory expenmem, (we. Mr.st.vCH. * icci, 
,0,a * u “ s “OE., ,964). Bender .neh valuable record., we hove med onr 
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field observations on tbc biology of parasites, certain outlines of further laboratory 
research, which has both to check and complete the field observations. 

In accordance with peculiarities in their biology, the apliidiid parasites seem to 
exhibit somewhat peculiar features, which differentiate them from the other cases of 
diapause known in the parasitic Hymenoptera. The diapause in aphids is mostly 
connected with the appearance of a peculiar progeny, in which the arrested state 
period is spent. Nevertheless, the parasite enters diapause as an internal parasite of an 
earlier host progeny so that there cannot be any influence of the diapause of the host 
on the diapause of the parasite during the duration and termination of the diapause. 
For this reason, this kind of diapause cannot be placed as a parallel of cases of diapause 
in the parasites of Lepidoptcra, etc. Similarly, the basic thesis of salt (1941) that 
“growth of the parasite is delayed if the host insect enters diapause but is uninterrupted 
if tbc host develops without arrest” cannot be applied in our case either. This supports 
a generally known thesis that diapause in parasitic entomophagous insects assumes 
many forms. 

In our opinion it seems that the degree of influence of various factors in arrested 
state development is not equal in all the parasite species, certain peculiar features 
having apparently developed in obligatory diapause as an adaptation to the host 
life-cycle. 

- Diapause - Diapause may be induced in any developmental stage (de wilde, 1962). 
Naturally, it seems to be induced in such a stage which would allow the given or the 
other stage — that enters diapause — to be the most suitable for survival of a given 
period of unsuitable environmental conditions. As both diapause and non-dia- 
pause cocoons may often be found in the same or different aphid colonies at the 
same time, it would seem that diapause is induced either in the parasite ? or in 
lower instar parasite larvae, while the last instar larva or prepupa enters diapause 
(— responsive stage). The sensitive stage, nevertheless, seems to be the low instar 
larva as some experiments (force & messenger, 1964) have shown that last instar 
larvae of parasite entered diapause after egg — last instar larva instars being exposed to 
certain temperatures (and photoperiod) influences. Although the photoperiod has 
apparently also a rather deep influence on the induction of the diapause, little has been 
known about these phenomena in the aphid parasites. The stage sensitive to the 
photoperiod has not been determined in aphid parasites up to now. Generally, sensi- 
tivity to the photoperiod is uevec extended to the whole. Ufe-cyele. All stages except 
the pupa may be receptive, but in most cases sensitivity is intensified in a limited 
number of stages or instars. Moreover, sensitive and responsive stages are mostly 
different (de wilde). 

As to the action of the photoperiod, in some cases it may be rather complicated in 
aphid parasites, which represent parasitic forms. The direct influence of the photo- 
period on aphids is generally known. Nevertheless, in. some cases the influence of 
food plant response to change of photopenod on aphids seems to be inevitable (see: 
subterraneous and superterraneous forms of the same species, after iuxle ris lambers, 
see:D£ wilde, 1962). In other cases, changes in the physiological state of the host may 
confuse the photoperiodic effect (de wilde). 

In parasitic insects, development is, in many cases, dependent on the physiological 
state of the host. In some instances, however, parasites have their own independent 
photoperiodic responses (de wilde). 

1. Direct influence of temperature and photoperiod. Laboratory observations 
undertaken by force & messenger (1964) have shown that diapause in Praon exoletum 
and Trioxyi complanatus is induced by certain temperature conditions (and apparently 
by the photoperiod as well). The host aphid was found to remain active while the 
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parasites fell into diapause. The influence of environmental factors via host aphid 
state is certainly untrue in such eases, the parasite responding directly to the environ- 
mental influences. The diapause is apparently induced in lower instar larvae that live 
inside the living host aphids, as the diapause has been induced experimentally by the 
exposure of parasitized aphids to experimental conditions, the parasite females being 
however reared in suitable environment. 

Similar experiments have been undertaken by wiackowski (i960, etc.) using 
Aphidm snuthi. Trioxys pallidas (v. D. BOSCH, 1962), spending a part of the summer 
period in an acstival diapause state in California, seems to represent a similar ease of 
direct response of a parasite to unsuitable environmental conditions via diapause state. 

Apparently a number of other eases might be mentioned, including mostly acstival 
diapause cases ascertained as occurring in various parts of the subtropic belt. 

2. Seasonal lack of hosts as a facultative diapause inducing factor. The seasonal 
dependence of the parasite on the density of host population present in a certain 
season of the year has been mentioned by some American authors (see: v. D. BOSCH, 
1964) as a possible cause of the parasite’s entering diapause, Trioxys coinplanatus being 
mentioned as an example. With respect to the laboratory experiments undertaken by 
force cc messenger (1964) with the same and another parasite species, it is apparent 
that the facultative diapause in these parasites docs not depend on the population 
density of the host, being obviously dependent on abiotic environmental conditions. 
The possible coincidence of lower populaiion density of the host aphid during the 
parasite diapause state seems to be caused by a response of the host to environmental 
conditions (abiotic and biotic), the response of the host and parasite being apparently 
different, the latter being shown by force a messenger in the laboratory tests. 

Similarly, v. D. bosch (1962) has mentioned acstival diapause in Tr. pallidas as a 
phenomenon enabling the parasite to survive the summer period, when the host may 
be extremely scarce or when climatic conditions may become liighly unfavourable. 
Unfortunately, we have no records on the occurrence of acstival diapause of this 
species in Europe. Nevertheless, if the diapause existed, it apparently would not be 
caused by the scarcity of hosts, as the parasite attacks a number of dendrophdous 
Callaphidid species. 

3. Seasonal lack of hosts as an obligatory diapause inducing factor. In this ease, the 
aphids emigrate from a given type of habitat due to the obligatory host plant alter- 
nation. The parasite is adapted to a certain mode of life which the aphids exhibit on 
primary host plants, being unable to survive the period of the lack of hosts for the 
rest of the season; obligatory diapause is a response to such conditions of the environ- 
ment. Ephedrus persicae may be mentioned as an example. In this ease, there is no 
fixation to a certain strictly time-restricted progeny. All the forms occurring in curled 
leaves maybe attacked; the fundatriccs are naturally parasitized comparatively rarely 
and the fundatngcniac more frequently, due to the various temperatures conditioning 
the aphid and parasite development (overwintering parasite progeny appearance). 

Although diapause is an obligatory adaptation to the host life cycle, it seems to be 
somewhat strange that the percentage of diapause cocoons occurrence is not equal, 
varying almost from the total number to a low percentage when compared with the 
non-dia pause cocoons. This shows that a certain part of the population remains m a 
non-diapause state ; it is a question, however, what is the further fate of these parasites 
as we have not found E persicae attack any aphids later m the season (in summer) in 
C. Europe. ' 

Similarly, it is peculiar that the diapause cocoons may be found approximately at 
the same time irrespective of host species attacked, a number of living aphids being 
present in such colonics as well. 
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Fig. 241. Periphyllus sp. on Acer platanoidcs. Aphids producing diapause nymphs. 
Inset: detailed. 

Fig. 242. Diapause adult aphids ( Drepanosiphum platanoidcs ) on underside of leaf - 
Acer pseudopbtanus. Left and above - whitish yellow diapause cocoons of parasites 


According to hodek’s ( 1966) classification of diapause in aphidophagous insects, 
the above mentioned case would fall into the group of “daring” species, which sacrifice 
a part of the population in order to make use also of a period uncertain as to the 
development of the species. 

4. Seasonal lack of suitable host progeny as an obligatory diapause inducing factor. 
This case seems to be a rather isolated one, the parasite being apparently dependent 
on the occurrence of a certain progeny of the host. The induction of diapause in the 
parasite via its host aphid seems to be rather probable in this case. 

Monoctonia pistaciaecola may be mentioned as an example. It attacks only the 
fundatrices of its hosts, diapause cocoons exclusively developing in the parasite 
progeny. It means that the parasite is apparently influenced by the environmental 
abiotic conditions for a very short time — it really seems that this influence is probably 
rather short, the conditions seemingly not being very different from the abiotic 
conditions which occur in the later period of the season. Nevertheless, in the later 
periods the parasite female would fail to parasitize the fundatngeniae progeny of the 
fundatrix as the aphids are closed inside a gall. 

Another case seems to be that of the parasites of Periphyllus and Drepanosiphum 
species in C. Europe. 

The Periphyllus aphids spend the summer period in diapause lower instar nymphs, 
which are unsuitable for parasitization. The diapause in parasites is apparently induced 
when they parasitize an earlier host progeny, as the diapause parasite larvae occur 
simultaneously inside mummified aphids that belong to the earlier progeny, while 
the diapause nymphs of the aphid start to be produced by imparasitized aphids, 
(fig. 241). 

The Drepanosiphum aphids exhibit the peculiar behaviour of adults (see above) — a 
spacing which is in reality a summer diapause. The parasites spend this period inside 
mummified aphids of earlier progeny, the diapause being therefore induced during 
tlie parasitization of the earlier progeny of the host (fig. 24 2). 

According to hodek’s classification (1966) of diapause in aphidophagous insects, 
the above mentioned cases seem to fall into the group of “cautious” species, which 
prefer a safe developmental cycle even though the number of generations is usually 
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limited to one ; presumably food has been more influential than abiotic factors in this 


P < Induction of diapause through less suitable host parasimation. KHUMafwSo) 
and sc“ tNGEtt « hall (.960) reported a case of diapause through less statable host 
parasituation in .VaaJphJ resac parasites in California. Severn parasites obsened 

Lereddiapiusesvhen parasitizing ™^» M e they were mostly found, o develop 

normally — without arrested sate^-when parasrtmng other aphids. The autho 
classified this case as an apparent result of poor parasite-host synchromzatton 
The opinion mentioned above docs not fit in at all with the classificatio 
pause in aphid parasites as a response to the influence of abiotic &ctors as sv eU 
response-adaptation — to the host life cycle. Seasonal diapause m the parasnes of 
U rdsire mCahfomia could be generally understood as a response to certain unsuitable 
abiotic conditions, this being a common feature of dry subtropics parasite fauna, 
nevertheless, no such host selection would apparently occur. The parasites ment . 

too, arc not specialized parasites attacking Af. rosae as their single host in California. 
This is also recognizable from the origin of the Al. rosae, which represents an in r 
duccd species in California. . „ 

6. Conclusive notes. Diapause is apparently caused by the influence ot the ah 
(temperature and photoperiod) as well as biotic (host life history) factors. 

Obligatory diapause seems to be primarily an adaptation to the host life c) e 
although apparently induced previously by temperature and photoperiod conditions. 
Facultative diapause seems to be a specific response of the parasite to unsuitab c 
environmental (abiotic) conditions, the host life cycle having apparently very little o 


no significance. , 

Thus, diapause may be classified as a result of parasite adaptation for synenroru 
zation with the host development as well as for the survival of a period when un- 
suitable environmental abiotic conditions occur. 

Wc have very limited records on the termination of diapause. Generally, observa- 
tions have shown that parasites emerge from diapause cocoons at the time when they 
may find the hosts in the given type of habitat (field observations only). 

In the case of Trioxys complanatus in California (schungoi fc hail, 1961). 
individual of any one diapause population apparently emerge approximately att e 
same time even though these individuals entered diapause over a long penod o 
time, often of several weeks. The response of all the individuals to the stimuli that 
cause the termination of diapause takes place regardless of when they entered the 
diapause. 

Field observations are not of much value as to the establishment of the termination 
of the diapause; field records may show only the period of emergence of the para- 
site adults from diapause cocoons. There undoubtedly exists a period between the 
termination of the diapause state, which is spent in last instar larva — prepupa stage, 
while pupation and pupal development must follow before the emergence of an 
adult from the diapause cocoon, this period being under the possible influence of the 
given temperature conditions (low temperatures prolongate such a period). 

For field observations, therefore, u is perhaps better to use the indication 
“emergence of adult parasites from diapause cocoons” instead of "emergence 
from diapause". 

Experimentally, after certain exposures to moisture and low temperature, th c 
diapause had been broken and the larva pupated under warmer temperature con- 
ditions (JVdon exoletum in California, SCHU.NGU * hall, 1959). 

Generally, due to the occurrence of the diapaunng stage of the parasite in a sep- 
arate cocoon, there being no direct connection ■with a living host, wc presume that 
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1953 *954 


Date Total Non-cmergcnce Date Total Non-emcrgence 

mummies mummies 




No. 

% 



No, 

% 

July 7-14 

5 

0 

0.0 

July 27-Aug. 3 

98 

30 

30.6 

July 21-28 

11 

4 

36.4 

Aug. 10-17 

44 

29 


Aug. 4-1 1 

236 

79 

33-5 

Aug. 25-30 

45 

19 

42.2 

Aug. 18-25 

2231 

833 

37-3 

Sept. 7-13 

92 

4* 

44.6 

Sept. 1-8 

4242 

*595 

37-6 

Sept. 21-27 

282 

180 

63.8 

Sept. 23 

3 2, 3 

1623 

50.5 

Oct. 11 

1 14 

97 

85.1 

Oct. 7 

*449 

*344 

92.8 

Oct. 20 

107 

100 

93-5 

Oct. 21 

*577 

12964 

ISSI 

7029 

984 

Nov. 9 

254 

1036 

250 

746 

9S.4 


Table $. Overwintering of parasites of Brcvicor) r ne brassicae (georce, 1957). 

the termination or break of the diapause is apparently caused through the influence 
of abiotic factors of the environment (temperature, photoperiod). 

- Quiescence - Numerous field observations have been undertaken. The most in- 
structive one seems that of george (1957), carried out on DiaeretieJIa rapae in Great 
Britain. At the end of the season in both the experimental years there was a con- 
siderable number of mummies from which the parasites had not emerged. The 
proportion of parasites overwintering in this way increased as the aphid season 
progressed. The gradual influence of the low temperature conditions (connected 
with the decreasing photo period not mentioned) is easily seen from the table 
(Table 5). where the overwintering of parasites of Brevicoryne brassicae is presented, 
the results obtained in 1953 being most remarkable. The dependence of hibernal 
quiescence state on the decline in temperature and photoperiod in autumn has been 
also observed by hafez (i960) in the same parasite species. 

The quiescent state ceases to exist after the unsuitable environmental conditions 
stop occurring, the normal development of the parasite then continuing. Both 
laboratory and field observations suppott this general rule. According to hafez (i960) 
the hibernation (i.e. hibernal quiescence) in Diaerctiella rapae could be easily broken 
by exposing the mummies to room temperatures and a long photoperiod. Similar 
conclusions were made by tremblay (1964) in Lysiphlebus f alarum. Our own labor- 
atory studies on Aphidius megourae hibernation may be presented in addition (stary, 
1964, 1966) as well. 

“ Significance - As mentioned above, the arrested state periods (diapause, quiescence) 
in aphids are classified as an indirect or direct response to unsuitable environmental 
conditions, being equal as to their significance to aphid migration. 

Generally, diapause and quiescence in parasites may be classified as either indirect 
or direct adaptation for survival of certain unsuitable periods for parasite existence. 
Originally, the occurrence of these arrested states seems to be a phenomenon of good 
synchronization of the parasite-host occurrence and vice versa (see: Parasite introduc- 
tions). The ability of a parasite species to survive unsuitable conditions of the environ- 
ment, which are survived by its host as well, enables the parasite to occur in better 
synchronization with the host’s occurrence. On the contrary, if a host species is able 
to survive certain conditions and the parasite is unable to do so, such a relationship 
means the lack of a parasite species in a given district of the distribution area of the 
host. 

^Obligatory diapause in the parasites seems to be a phenomenon of rather dose 
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dependence of a parasite on host development, a matter of close specialization, which 
restricts the parasite’s action to a part of the season when the suitable host stages occur. 

Facultative diapause seems to he an intermediary phenomenon as to its significance 

There is a commonly occurring opinion (Kennedy, 1966, etc.) that the diapause 
state has a protective significance against natural enemies action. Wehave to deal witn 
parasites exclusively, nevertheless, we shall try to show on various examples that 
such an opinion seems unjustified. , _ . 

As mentioned above, the parasites have apparently adapted themselves to t 
occurrence of the arrested state m their host’s development, either by a wider host 
range, or by the occurrence of corresponding arrested states. From the parasite- os 
relationship point of view it is apparent that a wider host range enables the parasites 
to occur in a given habitat throughout the whole time until the hosts appear again in 
this habitat, the parasites then infesting them. Similarly, the occurrence of arreste 
states in the parasites enables them to appear again— this being apparently a phenome- 
non of synchronization in host-parasite occurrence — when the break of hosts s ia- 
pausc occurs and the host later appears in a stage which is suitable for the parasite 


attack. r 

In cases of poor occurrence of host-parasite synchronization different response o 
host-parasite may be found to environmental conditions (sec Praon cxoleluni an 
other parasites of Tlierioaplus trifolii introduced to California) . 

As an addition to this paragraph, we shall deal here with Drepaiiosiphuin ptatanoi es 
acstival diapause. Acstival diapause in this aphid has been mentioned to have a pos- 
sible defensive function against natural enemy action (Kennedy, 1966). According to 
observations of British authors (sec Kennedy) Drepaiiosiphuin platanoides is frequently 
seen in the summer in Gr. Britain in large numbers on the underside of sycamore 
(Acer pscudoplatanus) leaves in the form of winged adults only, earlier instars being 
absent. Tliis feature has been classified as being caused by the entering of adults in the 
acstival diapause. Peculiar spacing has been observed to occur in the aphid groups, 
whether the individuals on a leaf arc many or few. In a scries of experiments on 
leaves and on glass it was confirmed that these aphids are gregarious, although they 
repel one another up to a certain distance. This is the distance at which they do not 
actually touch any neighbour as long as they remain motionless, but do just touch 1 
they move their antennae which is their first response to any object moving near. 
Further experiments, using artificial tactile stimulation with a bristle, showed that 
strong stimulation of this kind causes an aphid to move away, but weak stimulation 
of the same kind (resembling that which the aphids give each other at their standard 
spacing) arrests ir.and brings about aggregation. When one member of a grouping 
moves owing to stimulation of some kind including that from predator* (parasites 
not mentioned — author's note), its neighbours arc activated in turn and the dis- 
turbance is propagated through the group. It is suggested, therefore, that the main 
advantage of gregariousness and of the mutual stimulation and diapause that it 
entrains i* the increased immunity from enemy attack which converts the enure 
population into agile winged adults. 

The above mentioned observations— as to the aphids — correspond with our own 
observations carried out in Czechoslovakia. Naturally, we have dealt with parasite* 
exclusively, while the predators action— mentioned by Kennedy 1 — lias been omitted- 
Although no detailed observations have been made as to the separate parasite species, 
the seasonal occurrence and host specificity features of the parasites of Dr. platanoiJff 
show that there is apparently a dose tynchromzation in host-parasite seasonal history- 
Dr. plaSaiwiJes 11 a Callaphidid species, the latter group seems to be a case — apparently 



due to the lack of obligatory migration of its representatives — where there is a close 
host-parasite relationship in phylogeny. The parasites of Callaphidid 3phids are 
mostly strictly specialized species, both to the habitat and hosts, and for this reason a 
close relationship of parasites to the seasonal occurrence of their hosts may be pre- 
sumed. Really, the three parasites known to occur in Europe, Trioxys cirsit, Moitoc- 
tonus pscudoplatani and Dyscritulus phniccps, have been observed to occur in spring 
and in autumn only, while they are absent in nature in the summer, diapause cocoons 
being found only. This shows the existence of adaptations of parasites seasonal 
liistory to their hosts. The adaptive function — i.c. apparently the developmental 
causes of the summer diapause in parasites — seems to be found when the host specif- 
icity of parasites is classified: Trioxys cirsii and Monoctoiius pscudoplatani apparently 
attack the low host instats, as the last instar aphids are usually found to be mummified. 
As such low instar nymphs of aphid host occur only in spring and in autumn, the 
parasites being strictly specialized, the latter have been forced to adapt themselves to 
the seasonal history of their host — by the developing of arrested state periods 
(summer diapause) in their seasonal occurrence. The third parasite species — Dyscri- 
tuhis pianiceps — apparently attacks higher instars or alate adults of the hosts as only 
alate specimens of this host aphid may be found to be mounted at the top of the 
parasite’s cocoons. This parasite is therefore well adapted to the infestation of adult 
aphids, so that it might infest the adult aphids that occur during the summer months. 
Nevertheless, there must be a certain factor — specific behaviour of the apluds, their 
arrested state, etc. — which causes the parasite to occur only in spring and m autumn 
m a similar way to the other two parasite species previously mentioned. 

Although more detailed observations undoubtedly are necessary, our field obser- 
vations on the peculiarities of parasite biologies have shown, that the summer dia- 
pause of Drepauosiphum platanoides does not seem to mean a protective function 
against the parasite action, as both the groups spend a certain part of the season m an 
arrested state. 

Our opinion, besides the field observations, has been supported by the almost 
identical case — as to its significance — of that of Pcriphyllus spp. and their parasites. 
In this case, a similar seasonal adaptation has apparently developed m the parasites as 
an adaptation to the summer period when the host aphids occur m diapause nymph 
stages, which are unsuitable for parasirization. 

- Natural limitation. Theoretically, the best state for the successful natural limitation 
of an aphid by a parasite seems to be such a state, when the aphids and parasites 
occur in a certain type of habitat throughout the year, well established synchroniza- 
tion being developed. We know such cases really to occur (stable environments 
namely) and moreover they seem to be common. 

Nevertheless, the obligatory migration of aphids as well as different responses of 
host and parasite to unsuitable environmental conditions have caused apparently deep 
changes, so that various adaptations of parasites both to the host life cycle and environ- 
mental conditions may be observed to occur today. 

It would appear that diapause causes the decrease of parasitization percentage and 
effectiveness, nevertheless, various viewpoints can be applied so that a unique con- 
clusion may not be formed. 

Obligatory aestival-hibemal diapause, on the one hand, decreases the percentage of 
parasitism in spring as the diapause is induced at the period of a sufficient host popula- 
tion density, nevertheless, on the other hand, obligatory diapause represents a 
greater possibility of parasite survival and its occurrence in a suitable period of the 
year. Otherwise the parasite would not be able to survive the period of the host 
absence till the next year. Naturally, such an adaptation seems to be less advantageous 
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than the wider host range that enables some parasite species to survive the given host 
absence due to their ability to attack other hosts. 

Obligatory acstival diapause may be classified in a similar way. 

Facultative acstival diapause seems to be useful for parasite survival of a certain 
period when unsuitable environmental conditions occur, if the host response is the 
same or at least similar, acstival diapause of parasites seems to be useful for natural 
limitation of aphids by parasites as it is well synchronized with the host development. 
On the other hand, if the parasite enters diapause and the host prolongs its active life, 
such a parasite adaptation may be detrimental to its effectiveness at least for a certain 
part of the season. 

However, also in the less suitable case mentioned, facultative aestival diapause 
enables the parasite to occur at least at the same place as the host, which may be kept 
within limitation by the parasite in another part of the season, while the total lack of 
diapause in case of inability to survive certain environmental conditions means the 
complete absence of a parasite in a certain area. 

- Biological control, i. Pest aphid classification. Before any biological control aenv- 
itics are undertaken, a careful classification of the pest aphid bionomics and life- 
history, both in its distribution area as well as in the given country, arc needed. It is 
necessary to know under what temperature conditions the pest will be controlled. 
With respect to this primary task, the biological control laboratory work with the 
corresponding results for field experiments is then organized. 

2. Indigenous parasites and the introduced pest aphid. The fauna of indigenous 
parasites occurring in the given area represents a group in which members of various 
faunistic complexes play various roles of importance. Generally, it is a group that has 
developed during a long period of time, under various influences of various factors, 
such as geological periods, climate, flora, presence or absence of certain aphids, etc. 
Nevertheless, there is no doubt that just the indigenous fauna may be characterized as 
a group tliat has adapted in probably the most advantageous way to the existing con- 
ditions of environment, various adaptations being developed— both to climate in- 
fluence, aphid life-cycle, etc. — in consequence. 

The new pest aphid, as a new member of a certain community, falls under the 
influence of the biotic factor as well, i.e. also under the influence of the native para- 
sites. Being a new apliid pest, a spcdcs that is similar taxonomically-ccologically etc., 
to the host of indigenous parasites, (sec: Food specificity factors) wc have to expect 
that the parasites will attack this aphid to a various degree. In some cases, they may be 
found rather effective, in other cases their cffcctivity may be insignificant. Never- 
theless, we may presume that their main adaptations to the conditions of the given 
country w ill remain unchanged, and then a peculiar synchronization can develop in 
case of the new pest aphid- indigenous parasites relationship. 

Little is known about these phenomena in more detail as, unfortunately, both the 
biological control objects of today— Thaioaphh trifolii and Chtomaphis jughmixCoU 
—seem to be taxonomically and ecologically different from the native fauna of 
Ncarctic America, so that almost no indigenous parasites are known to have adapted 
themselves to these new pests. There are, however, some other pest aphids, which 
have been introduced into the Ncarctic* in earlier times, such as Acyrthouphon pisum. 
. ATotip um roiae, etc. ; as they arc related to the indigenous fauna, some of the 
indigenous parasites of the N. American fauna arc known today to attack these 
aphids as well. ‘ 


J. Selection of parasite species to introduce. Selection principle* of parasite specie* 
hay been dealt with in more detail in another paragraph (Gcogr. distribution, 
t •ok'SKal control). Tlic parasite* arc selected and later colonized with respect to 



their requirements on habitats and microhabitats. At least general observations on 
their biology in the country of their origin have to be known to be used in a bio- 
logical control program. Parasite species exhibit a spccifical and different optimum 
temperature from each other (force a: messenger 1964). Thus, for instance, of the 
two introduced parasites of Therioaphis trifoUi in California, Praoii cxolctum has been 
found to prefer a milder climate, Trioxys complaitalus preferred higher temperatures, 
both requirements later having a corresponding influence on their distribution, 
spread, occurrence, diapause and quiescence in the given area of introduction, all 
these phenomena being of basic significance for determining the significance of 
introduced parasites in biological control. 

4. Shipment. Diapause and quiescence may have a certain significance in shipment 
of parasites. According to fischer (in debach tc schlinger, 1964), the occurrence of 
the diapause would be expected when shipping insects either between hemispheres or 
between sharply contrasting climates (after Flanders, 1944)- 

As for the aphid parasites, no such possibility is to be expected due to several 
reasons: naturally, certain knowledge is necessary before the parasites are exported 
by ship to avoid the sending of obligatory aestival-diapausc cocoons. Usually, cither 
parasite adults or mummified aphids containing parasite mature larvae to pupae are 
transported. In this case, there is no danger of the entering of parasites into diapause 
as the diapause would he induced in lower larval instars and cannot be caused by the 
immediate influence of climatic change during the transport, wluch is moreover 
rather quick due to airmail service. Better to say, no diapause may be induced in 
adults during the transport. 

When field samples arc taken and then sent abroad, no more detailed field observa- 
tions on the ecology of separate species being at hand, it seems that the material col- 
lected and sent from subtropic countries during an unsuitable period might contain 
a certain percentage of diapause cocoons. Only a small probability of this kind seems 
nevertheless to occur in the temperate zone as well as in the tropics. 

5. Rearings. Laboratory rearings need the selection of optimum constant tem- 
perature for successful culturing of hosts and parasites. Moreover, care must be taken 
with the laboratory conditions as in some cases the host optimal conditions may 
induce diapause in the parasite. According to schlinger’s observations (i960) m 
California, the primary parasites of aphids often enter diapause while their hosts 
continue reproduction. This is perhaps true for the material collected m the subtro- 
pics. Our experience, which has been mosdy undertaken with temperate zone mate- 
rial, and to a lesser degree with the material of subtropical and tropical zones, has 
shown that the entering of parasites into diapause is very rare in laboratory rearings 
— corresponding probably to tbe field conditions of the corresponding zone. 

6. Introduced parasites and the new environment. One of the basic conditions for 
the successful establishment of an introduced parasite in a new country is the synchro- 
nization of host and parasite seasonal occurrence in a given country. 

Synchronization of the host aphid and parasite is of a different degree of impor- 
tance in various areas. In some areas the host and parasite are able to reproduce 
continuously throughout the year due to favourable climatic conditions, the genera- 
tions overlapping and synchronization in the seasonal occurrence is not necessary. 

For example, Aphidius smith! in some areas of California is well synchronized with 
Aiyrthosiphon pisum occurrence. On the other hand, however, this species (hagen & 
schlinger, i960) has been mentioned as being unable to survive the long periods of 
aphid absence, which occur in some inferior areas (hot and dry summer period). In 
this case, the lack of synchronization of host-parasite occurrence prevents the success- 
ful establishment of this parasite in certain areas of California. 
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Trioxys pallidus, a parasite imported to the U.S.A. from France and used in bio- 
logical control of Chroitusphis juglandicola, might be mentioned as an example of a 
different character, where the coincidental occurrence lias enabled the parasite 
establishment. Observations made after the colonization of this species in California 
have shown that the parasite is temporarily synchronized with the host aphid, both 
aestival diapause, hibernal quiescence (= hibernal diapause of v.d. boscii et al., 1962) 
being observed. Aestival diapause enables the parasite to survive the period when 
Chr. jnglandicota may be extremely scarce or the climatic conditions may become 
unfavourable, hibernal quiescence enables the parasite to survive the winter period 


when the host occurs in the egg stage. 

7. Diapause, quiescence, and colonization of parasites. Although the parasites arc 
primarily connected with certain floristic zones, and belong to certain fa unis tic com- 
plexes, there is no doubt that the separate species arc further differentiated with 
respect to their requirements on the microhabitat. At least field observations made in 
the native country of the introduced parasite have to be at hand before the parasite is 
initially colonized. The colonization place has to correspond to a similar habitat or 


the parasite in its native country. 

For example, when subsequent data on the establishment of imported parasites 01 
Therioaphts trifoln were obtained, it was apparent that the separate parasite species are 
distributed inadequately, thus showing the existence of certain differences in the 
climatic tolerances among the parasites (v.d. bosch ct al., 1964)- l n certain areas the 
climatic conditions caused seasonal diapause m the parasites, ill other districts the 
parasites occurred throughout the year; these observations have clearly shown the 
area-dependent character of diapause in the case of Praon exoletum and Trioxys com- 
planatus. The secondary observations on habitat preference have supported the 
preliminary observations made by one of the authors in the parasites’ native home 
in the Old World — where the parasite species were observed to be adapted to a hot 
desert climate in a different degree, Tr. complanatus preferring the hot lowlands. The 
comparison of these observations has stressed the necessity for careful preliminary 
examination and observation of separate habitats in which the parasite species occur 
in their native (or other) country from where they arc to be exported. The com- 
parison of the habitats with the similar ones of the country of colonization may result 
in a more or less accurate prediction of the parasite’s future occurrence in the new 
country where it is to be used in biological control. 

8. Effectiveness. The synchronization of parasite diapause with the seasonal history 
of the pest aphid is of basic significance in biological control when introducing 
certain parasite species in a new area and it may be classified from various points of 


view. 


In certain cases, the occurrence of diapause in an introduced parasite in the period 
when the host prolongs its reproduction is unfavourable as it deeply influences the 
parasite effectiveness and enables the pest aphid to possibly reach outbreak popula- 
tion density. For instance, diapause is a limiting factor in the case of Praon exoletum 
and Trioxys complanatus in some areas of California, where the aphid is able to repro- 
duce during the time when the parasite is in diapause, before the parasites emerge from 
diapause, or after the time when most of the parasites have entered diapausc(scHLiNCUt 
& HALL, i960). In another case, Aphiduts smith docs not enter aestival diapause in 
California. For this reason, it has been found to be unable to survive the hot summer 
period when the aphid hou(Acynhosiphon pisuin)is absent in some areas of California, 
although u may be found to occur continuously m other parts of tlic state where the 
hostu present throughout the year, (iiagen & schincer, i960). 

These cases liavc distinctly shown the two sides of diapause significance for para- 
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site effectiveness. The relative value of diapause for parasite effectiveness has also 
been proved experimentally. When studying the host-parasite systems in the labora- 
tory— Therioaphis trifolii and Praoit exolctum — messenger & force (1963) liave found 
that in fluctuation temperature environment averaging ai°C the parasite was ef- 
fective in checking the increase of the host before the onset of plant damage, hi a 
cooler environment, averaging i2.s°C (all other physical factors unchanged) the 
parasite was ineffective in preventing aphid populations from increasing to plant- 
damage levels. The induction of diapause in an increasing proportion of parasite 
progeny was one of the factors that lowered the parasite cffcctivcnes. 

These cases show that diapause may be of high significance as to parasite effec- 
tiveness, in the case that its occurrence is well syncliromzcd with the seasonal history 
of the pest. 

9. Arid zone problems. Biological control of apliids in an arid zone has shown 
that tills zone exhibits certain peculiar features. The parasites m arid zone districts 
often spend certain periods in diapause due to the extremely hot summer. The bio- 
logical control praxis has shown that similar responses of parasites have to be ex- 
pected in case of the introduction of the parasites from one district of ail arid zone 
to another (Old World — California in Therioaphis trifolii case). 

There is another problem — that of the introduction of parasires from a temperate 
zone to a subtropic arid zone. Although the temperate zone parasites have usually no 
seasonal diapause as a response to hot climate periods (summer) such adaptation 
nevertheless may develop as a response to the new environment and the unsuitable 
conditions of the summer (facultative a estival diapause). W hen introducing the para- 
sites from a temperate to a subtropic zone, it is necessary to have m mind that two 
viewpoints at least must be considered: the parasites have to be used in irrigated 
lands where the aphids usually occur throughout the year, with no lack of hosts 
during even the hot summer period. The introduced parasite — if capable of surviving 
the high temperatures — may occur throughout the year as well. There is another 
problem, whether or not the parasite will be able to survive the period of host 
absence during a hot summer period in an extremely hot and xerothenn habitat. 
This second question is really very important for biological control introduction 
praxis. In every case, it must be expected that the parasite will — as partly the Cali- 
fornia praxis shows — select the most suitable places, being absent m other places 
where it is unable to survive due to various reasons. 

Experiments solving this question are necessary: owing to irrigation of certain 
districts of arid zone, new conditions have been developed, and it is possible and 
probable that some parasite species, although temperate in origin, might be useful 
in biological control in an and zone as well. The penetration of temperate zone ele- 
ments in the arid zone when following the valleys of nvers, irrigated orchards, etc. 
may represent a certain indication of such a probability, although being incidental. 

- Integrated control. 1. Tillage. It has been generally recognized that short-term 
plantings such as vegetable crops, etc., are not very' suitable for integrated control 
although they cannot be overlooked. In these unstable environments, which re- 
present more or less annual communities, a stable host-parasite relationship can 
hardly develop. Tillage — which represents just a very typical factor destroying the 
whole community — -is also fatal for the diapause and quiescence of parasite cocoons 
present in the given crop field in the autumn. This feature has been observed and 
mentioned by various authors — sedlag, 1965, etc, in Diaercticlla rapae and Brcvi- 
coryne brassicac on cruciferous crops. Similarly, start (1964, etc.) in the case of 
classifying parasite foci m nature lias also recognized the fatal significance of tillage 
for a number of parasite fod; way (1966) also studied expenmen tally the influences 
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of ovcrlayering of parasite cocoons by soil and his experiments have shown that 
tillage eradicated the parasite cocoons in the given area. 

In the permanent or semipermanent communities there is almost no tillage except 
for some cases (clean cultivation, see below). These communities — forests, orchards, 
perennial fields of forage crops — have been recognized as being suitable for inte- 
grated control activities. In these habitats the diapause and quiescence cocoons 
spend the period before adulr emergence in a more or less untouched state, except, 
naturally, for the general influence of abiotic and biotic factors everywhere present. 
For example, introduced species of parasites of Therioaphis (rifolii may be found in 
winter either on the alfalfa foliage or on the ground in California (davis et al., 1957)- 

2. Clean cultivation is a common practice used in both economic and small 
farmers’ orchards as well as in parks, gardens etc. By this practice the surface of the 
soil is superficially mown to kill the weeds, for green manuring purposes, for remov- 
ing the leaves fallen in autumn, etc. There is no doubt that clean cultivation in the 
autumn is extremely fatal to both the diapause and quiescence cocoons of the 
parasites. Diapause cocoons of Ephedrus persicoe inside leaf-curhngs, quiescence 
cocoons of E. plogiator on various leaves, quiescent cocoons of parasites of Drcpa- 
iiosip/ium-aphids, etc., they are all taken with the leaves and destroyed by clean 
cultivation. 

There arc some exceptions, however, which are not touched by clean cultivation. 
Chrmaplns jugltmdicola-ovipazous 22 in the autumn move (ovipositional instincts) 
onto the woody parts of the trees to their opposition sites; they are parasitized and 
transport the parasite larvae in themselves, so that a number of the mummified 
aphids may be then found on the bark of the trees (v.d. bosch et al„ 1962). This 
kind of behaviour seems to be very valuable for the aphid control, as clean cultiva- 
tion cannot affect the overwintering parasite stages. Further observation in this 
direction is needed in individual cases, as according to our observations, this pheno- 
menon seems to be more widely distributed among the parasites, in such species 
namely that occur late in the autumn and attack the oviparous aphid progeny. 

Clean cultivation, therefore, is most dangerous to the parasites that pupate ex- 
clusively on the leaves. 

As tillage and clean cultivation cause the lack of parasites in a given place at the 
beginning of the next year, thus giving the aphids better conditions to reach a higher 
population density and cause damage, the foci of parasites in the given orchard or 
field neighbourhood have, therefore, a great significance for the re-establishing of 
parasite occurrence m the areas mowed or cultivated. Both diapause and quiescence 
cocoons of the parasites represent stages that have to be protected, in a certain way 
to augment the parasite numbers in a Certain habitat in a certain part of the season. 
As the mentioned stages arc somewhat peculiar, integrated control activities have 
to be modified in a corresponding way. 

3. Cuttmg. In some cases, cutting of plants (roses) may mean the removing of the 
parasite diapause cocoons from the garden. Such observations have been made by 
scuuNcra (1960) when studying the parasites of Mocrosiphum tosoc in California. 
The Cuttuig and removing of plants has been classified as one of the factors that 
lower parasite effectiveness. Moving seems to have an identical significance. 

4. Insecticides. Both the diapause and quiescence state in the parasites are spent ui 
last iiutar larva to pupa inside the cocoons. In some cases, the walls of the cocoons 
arc spun in a much thicker manner. 

Observations of a number of authors have shown that the aphidiid parasites arc 
least atfcctcd by chemical treatment when being m the last larval-pupal stage inside 
their cocoons. The greatest part of observations has been made on non-diapause 


158 



cocoons and non-quiescencc cocoons. Nevertheless, because of the similarity of the 
construction of the cocoons, we may assume that both diapause and quiescence 
cocoons will be at least as resistant to the topical and residual effects of chemicals as 
the normal cocoons. Better said, the parasites emerge from such cocoons after 
spending some time, a very considerable time, inside, and this practically eliminates 
the effect of the residuals, which lias been found to be dangerous to the adults that 
emerge very soon after pupation in the normal cocoons. 

- Relative value. The arrested states in development — diapause and quiescence — 
may be generally classified as either indirect or direct adaptations-responscs to 
unsuitable conditions of the environment, through which the parasite is able to 
survive such a period. Both diapause and quiescence states, therefore, enable the 
parasite occurrence in a certain area, being of basic importance for tills reason. 
Various summarizing viewpoints are stressed on the value of diapause and quies- 
cence with respect to the natural limitation and control of aphids. 

Diapause of every kind seems to be a valuable seasonal adaptation of a parasite to 
environmental conditions. Generally, its significance may be different. The dis- 
ability of a parasite to survive a certain period of unsuitable conditions ill a diapause 
state practically means the absence or failure of the establishment of such a species 
in a given area. On the contrary, the ability of survival in a diapause state enables a 
parasite to occur in a given area. From this point of view, the presence of diapause is 
better than the lack of it, nevertheless, an adapted parasite which could survive the 
unsuitable conditions without arrested period (diapause) m its occurrence seems 
preferable. Obligatory seasonal diapause may cause decrease of parasite effectiveness 
in a certain period of host occurrence, but it simultaneously means the presence of 
the parasite in a given habitat when the unsuitable environmental conditions cease 
to exist, ie. when the host will be present again in the habitat. Facultative diapause 
may be rather useful if it is well synchronized with the seasonal lack of host or its 
presence m a rather low number in the habitat, but it may be detrimental to limita- 
tion in a certain period of the season if it is not synchronized, i.e. the host continues 
its active life, while the parasite enters diapause. Generally, continuous occurrence 
of a parasite seems to be preferable than its seasonal lack, nevertheless, a diapause 
state is preferable to the disability' of a parasite to survive unsuitable environmental 
conditions. Diapause may cause — usually in case of ns poor synchronization with 
the host occurrence — temporary gaps in parasite occurrence and corresponding gaps 
in limitation of the host. Such gaps have to be covered by the utilization of other 
parasites or other natural enemies through biological control activities. 

Hibernal quiescence seems to have a positive role m establishing the occurrence of 
a parasite in the same hibernation quarters as that of its host. There is no doubt that 
if the coexistence of host and parasite system in the autumn is temporarily inter- 
rupted through the whiter conditions — both members of the system being in a 
quiescent state during this period — the coexistence is prolonged to the next spring. 
This may have a great significance for the natural limitation and control of aphids by 
parasites. As far as we can consider from our field observations as well as from the 
literature records, the hibernation quarters of parasites are habitat dependent, in the 
same way' as their seasonal occurrence. The same can be said of the aphids. The 
latter, however, may alternate the type of habitat during the season, while the para- 
sites never do so. Generally, the hosts have been attacked by a parasite in the autumn 
hi a certain type of habitat, the same hosts— or simultaneously other hosts as well, 
in accordance with the parasite host specificity range — are attacked in spring, be the 
host anliolocydic or holocyclic monoecious or dioecious species. No cases seem to 
be known where the parasite would be in a hibernal quiescence state, its host pro- 
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longing active life. The dependence of the parasite on the seasonal occurrence of its 
host causes the occurrence of a certain interval between the host and parasite ap- 
pearance in spring, this usually resulting in a prevalence of aphids for a certain 
period in spring. On the contrary, so far it seems, no such prevalence may be found 
in the autumn, the parasites affecting the oviparous aphids as well ( Aphis fabac, 
Acyrtltosiphon pisum — Europe; Trioxys pallidus — California, after v.d. boscii, 1962). 
Hibernal quiescence, therefore, docs not seem to be a detrimental factor as to para- 
site effectiveness, but it seems to be an important limiting factor (number of para- 
sites hibernating, etc.). 

- zones - Seasonal history in separate climatic zones may be generalized rather 
superficially as, on the one hand, we have a relatively poor knowledge of seasonal 
history of parasites in different zones, on the other hand, seasonal history of various 
species naturally manifests specific differences. 

1. Temperate zone is characterized by cold to severe winters and mild to hot 
summers. Low temperatures, absence of green plant growth, etc., cause the aphids 
to survive winter mostly in the egg stage; the parasites develop quiescent states in 
order to survive. The emergence from quiescent mummies may occur during a 
short period (Aphiduts ervi) or during a longer period (Diaercticlla rapae — sedlag 1964 ) 
in spring. The period of parasite emergence in spring depends perhaps also on the 
host range of a given parasite species. The parasites may appear in spring either 
almost simultaneously with the aphids (fundatriccs progeny), or somewhat later 
than their hosts; in this ease the aphids can reproduce considerably before the para- 
sites appear. A hot summer period is mostly connected with the decrease of aphid 
and parasite numbers; an increase in population can be observed in the autumn. 
In the autumn, too, gradually more numerous quiescent cocoons appear (see above). 

2. The Subtropics arc characterized by nuld winter and hot summer conditions. 
Further, there is a difference between dry and humid subtropics. Aphids and para- 
sites occur practically perennially but obvious seasonal differences in population arc 
observed. Hot summer conditions arc rather unfavourable to parasites, causing a 
decrease of aphid numbers; quiescent states may be found among the parasites as 
an adaptation to survive such a period. Similarly, quiescent states occur also during 
winter periods 111 the colder subtropical districts. 

3. Tropics. Two yearly seasons generally arc recognized in the climate of the 
tropics: there is a rauiy season and a dry season. The dry season is characterized by 
lack of rain, vegetation becomes poor and dry, while its growth rapidly increases as 
soon as the rainy period begins. The influence of these yearly seasons is obvious in 
the tropical steppe or savanna districts for instance being less apparent in the ever- 
green communities. Better to say, there is a great difference between the hot low- 
lands and cooler tropics at higher altitudes. Aphids and consequently their parasites 
too depend on the occurrence of green plants, so that they arc common in the period 
when plant growth is active and intensive. However, there arc apparent differences 
in the natural savanna and cultivated savanna or deforested areas; the Utter districts 
arc often irrigated and green plant cover causes the occurrence and mass-reproducuon 
of aphids, though they may be rare in the nciglibouruig natural savanna. Generally, 
the parasites occur perennially in the iropjej, iruiufcuinj' changes 1/1 population 
density depending on the season of the \ car. 

4. Greenhouses. Seasonal history of parautes 111 the greenhouses is influenced by 
ihe type of greenhouse and. uidirectls. by a given climatic zone. I11 the temperate 
rmie. due to climatic conditions, greenhouses arc citlicr licatcd or unheated during 
the cold wuuct period. In unhealed greenhouses, the parasites oscrwmtcr, but. 
when compared wuh natural conditions, thes may occur here actively up to liter 



in the autumn and emerge earlier in spring due to the microclimatic conditions that 
exist here. Naturally, the presence of green plants and aphid hosts is necessary for 
the further development of their populations. In heated greenhouses the parasites 
occur perennially, their occurrence, however, is strongly influenced by changes of 
microclimatic conditions in these greenhouses and their influence on aphid numbers. 
In the subtropics and tropics the greenhouses arc mostly unheated, as the climatic 
conditions allow the plants to grow perennially. This feature has a corresponding 
influence on the seasonal history of the parasites, which seems more or less to be 
identical to that in the field. 
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Host Specif city 

The research of host specificity of parasites undoubtedly represents a higher state of 
research. It must be based on a substantial level of taxonomic knowledge. Therefore, 
we can find various opinions on the host specificity of the group in the earliest records 
up to the present period. Some authors believed all the species to be striedy specialized 
species and each parasite reared from a distinct host species was described as a separate 
species. Nevertheless, it was soon found that the specificity of the group is wider and 
that the spedes are capable of attacking several hosts. Thus, an opinion on the wide 
polyphagy of the group appeared. Today’s opinion of various authors, which is 
based on well-documented material, agrees in that we can recognize a number of 
various degrees of host range, from strictly spedahzed to rather widely speriahzed 
spedes among the aphidnds. However, differences in opinion on the factors that have 
determined the host speafidty of the aphidiids still occur. 

Host specifidty is a rather important subject in the research of parasite biology. 
Without understanding the main features of parasite host spedfidty rather well vve 
cannot understand a number of other problems, not to speak of applied themes. 

- host specificity development. Two groups of opinions can be recognized gener- 
ally as to the influence of a parasite on its host: one group of authors believes that the 
longer the host-parasite relation exists, the greater is the tolerance of the host to its 
parasite, and the less damage is caused to the host by the parasite. Evolutionanly 
younger parasites are believed to kill their hosts, while older spedes do not kill them. 
Contrary to this opinion, others believe that a parasite which kills its host is phylo- 
genctically older or younger. 

We feel ourselves to be rather far from being able to throw any generalization on 
the evaluation of host and parasite relations in the animal world. However, a certain 
comment seems to be necessary with respect to the host-parasite relations in aphidiids. 
The host group, the aphids, may be briefly characterized in this respect by manifesting 
three basic features : (1 ) the aphids produce a relatively rather high number of progeny, 
{2) their devdopmcntal cycle is relatively short, (3) their body size is minute. The 
parasitic group, the aphidiids, can be characterized as follows : (1) the whole group 
consuls of aphid parasites exdusively, (2) each parasite requires a single aphid host for 
its devdopment, its rate of development being longer than that of the host, (3) the 



parasites arc relatively large in size when compared with their hosts. It is apparent 
that it would be difficult for a parasite of the aphidiid group to feed inside a single host 
without severely influencing its existence as the food supply is too limited. This is one 
of the reasons, why the parasite kills its host. As to the evolutionary age of host and 
parasite relations, the following must be emphasized: it seems to be the principal func- 
tion of aphid parasites to reduce the number of their hosts, which is advantageous for 
both sides: the host numbers arc limited to a level compatible with the community 
equilibrium and food resources cannot be exhausted in consequence. The parasite can 
live because of host existence. Thus, the parasitized aphids must be killed otherwise 
the function of parasitism would be of no significance for the host as its population 
number would not be reduced. This viewpoint seems to be a basic one. Consequently, 
we believe that this relation between host and parasite is of a very ancient character. 

Another aspect must be stressed with respect to host specificity development. The 
aphidnds arc parasitic on aphids during their development, while the adults occur as 
free insects. Consequently, there arc different requirements of a parasite species on the 
environment during its life. During its larval development, its requirements are deter- 
mined by the host, otherwise the parasite larva could not survive; during the adult 
life, there is no dependence on host occurrence except for oviposition and food ; the 
adult stage, therefore, is relatively free of the host. Consequently, as both the aphids 
and parasites arc different groups of organisms, the requirements of parasite adults on 
the environment may be different from those of the aphids, while requirements of 
parasite larvae arc conditioned by the host requirements. Therefore we have to stress 
that host specificity is a complex of requirements of adult parasite and its develop- 
mental stages. 

As we will show in the chapter on phylogeny, the general evolutionary trend of 
aphids and parasites is the same: they originated in forest communities and have 
evolved to occur m conditions of drier environments. However, in details various 
differences in separate host and parasite groups can be recognized. Today, thenumber 
of aphid species is much higher than that of the parasites ; a similar state obviously 
occurred m ancient periods. Apparently, the ancestors of the aphidiids exhibited a 
certain degree of host range, which allowed them to be relatively free as to selection 
of the most favourable environments, as they were not closely dependent on a single 
host species. Close host-parasite relations resulting in a strict host specificity arc 
generally a regressive feature with respect to the whole group: if we compare the 
requirements of various recent aphid species that live in the same habitat, although 
they arc more specialized than their ancestors, it is obvious that a wider host range of 
a parasite enabled it to occur in a given habitat irrespective of the detailed require- 
ments of its host, consequently, the parallelism in host and parasite evolution was 
evidently true in certain, relatively few, specific eases. 

- Determining role of the main factors, i. Physical factors arc original in the develop- 
ment of host specificity of parasites. Climatic changes and movements of continents 
resulted in the existence of certain climatic belts. 

2. Flonstic zones, habitats, communities. Suitable climatic conditions allowed the 
development of a rich plant cover. Corresponding floras developed in the different 
climatic zones, and were further differentiated by their elunges. Huch flonstic asso- 
ciations were followed by the evolution of phytophagous organisms, whose appear- 
ance was followed by the evolution of regulatory mechanisms — their natural ene- 
mies, predatory and parasitic groups. 

}. Host. Aphids arc a typical group of phytophagous insects that has evolved from 
tlie very early appearance of plants tn ancient times (see. phy logeny). 

4. Parasite. The parasite group became adapted as parasites of aphids as a come- 



qucnce of the regulatory mechanism of ancient communities; phytophagous hosts, 
their great numbers, and gaps in their limitation were naturally followed by an 
adaprationof a parasitic group as enemies of aphid ancestors. Today wcknow thatthis 
was not before the Adelgoid and Aphidoid groups of aphids were differentiated in 
the evolution. 

Host specificity of a parasite is a result of the complex influence of all the factors, 
which may not be separated from each other as to their action as they are a unit, they 
condition each other, although they are different as to their significance with respect 
to separate cases. Their combined influence starts with physical factors, being followed 
by community, host organism and the parasite itself. Physical factors and the corres- 
ponding community present determine the type of habitat to which a parasite be- 
comes attached, being followed by the influence of the host: host specificity is the 
result of the specific response of the parasite to all these factors. It must be classified on 
the basis of an evolutionary aspect. 

We have shown the complex action and evolutionary aspect on parasite host 
specificity since our early studies on this subject (stary I9S9» 1964, etc.). Conse- 
quently, we must mention that the classification of our opinions as an “ecological 
theory” contrary to mackauer’s "phylogenetic theory' or application of Phylogenetic 
parallelism on the aphidiids” (see: mackauer 1963, 1965, etc.) is incorrect as we have 
already stressed the complex significance of habitat, host taxonomy and ecology, and 
parasite, for the host specificity, the degree of their significance being specifically 
dependent. 

- HOST SPECIFICITY PHASES 

- Habitat finding. Aphidiids are basically habitat dependent. Most of the species may 
be characterized by the occuctence in a defined type of habitat. Some of the species 
manifest less habitat dependence, but this is an exception, not a rule. Habitat pre- 
ference is dependent both on horizontal and vertical zonation (see: distribution). The 
general type of habitat of a given species may be characterized by a certain flonstic 
zone or its part, as has been clearly demonstrated in the distribution chapter. How- 
ever, there occurs a further differentiation of parasite species inside these macro- 
habitats, due especially to different requirements of the species on the conditions of 
temperature and R.H. The well known examples of parasites of Tlierioaphis trifolii 
can be mentioned again: Although both the parasites, Praoti exoletunt and Tno\ys 
complanatus, are members of the same faumstic complex and inhabit the steppe areas 
of the western Palearctic and attack the same host, they are very different as to their 
requirements on microhabitats. Tr . complanatus prefers drier and warmer areas, Pr. 
e.\oletum is restricted to less warm and more humid districts, both the parasites man- 
ifested the same requirements and corresponding distribution m the new environ- 
ments in California (see: v.d. BOSCH et al., 1964, v.d. bosch 19S7, etc.). 

Consequently, we can characterize the phase of host habitat finding in such a way 
that the parasites occur in a defined type of habitat to which they are attached because 
of their specific requirements, and search for the host in the frame of this habitat. This 
is in agreement with the opinion of doutt (1959), who classified the host habitat 
finding as an initial and fundamental seeking of a certain environment by a parasite, 
irrespective of the presence or absence of the host. However, according to our 
opinion, it would be better to designate the first phase of host specificity as “habitat 
finding” instead of the “host habitat finding” of doutt , as the specific requirements 
of a parasite species to habitat are first, and finding thehost m this habitat is asecondary 
question. 

- Host finding. The second phase of host specificity includes the locating of the host 
in a given type of habitat. 
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The parasites generally seek for the hosts by flight or by running ; the prevalence of 
either running or flight is specific, and is also conditioned by climatic conditions. The 
role of host microhabitat is of a different value: some parasites apparently search for 
a certain niche, such as curled leaves, gall, etc. Ephedrus persicae, for example, is a 
typical parasite of gall and leaf curling aphids in Europe. However, as mentioned by 
evenhuis(i<X>4) it can attack also such hosts which arc usually ignored, but when the 
latter are overpopulated and cause leaf-curling, the parasite may parasitize them 
{Aphis pomi, Rhopalosiphum inserttm, etc.) ; the parasitization of Aphis fabae on Euony- 
mus curopaca by this parasite in Europe observed by us seems to exhibit the same 
feature. Similarly, the type of host colony may be important: a parasite may search 
for a free colony of the host, while it ignores the same host species colony in the 
same microhabitat if it is in a shady location: c.g. MCLEOD (1937) observed that Myzus 
persicae is attacked by Eplicdrus persicae only on the more exposed parts of plants m a 
greenhouse, while Aphidius matricariac attacks aphids living m more shady situations; 
or another example may be mentioned on the basis of our observations: Diacntiella 
rapae when reared on Myzus persicae in a greenhouse, attacked only those individuals 
that lived on the flat leaves of Brassica plants, while aphids living in dense colonics 
on Asparagus stems were attacked only exceptionally; another example is that men- 
tioned by GEORCE(igj7) in D. rapae : the parasites preferred only Breoicorytie brassicae 
aphids on upper Brassica leaves, where the colonics were small and diffuse, while the 
colonics on middle and lower leaves were more dense and with a quantity of wax 
cover. Some parasite species arc able to search for their hosts only when they arc in 
great colonics, while the others arc capable of finding even a single host specimen 
(Fig. 243). In more specialized parasites, the mode of host life plays a less important 
role and the parasites apparently seek just for the given host species, ignoring hosts 
that have a similar ecology: for example, we have observed that in semi-opened galls 
on Populus sp. caused by Pachypappa spp., both these aphids and also Chaitophorus 
aphids occurred ; how ever, Lysiphlcbus saheaphis, a specialized parasite of the Chaito- 
phorus species, attacked only Chaitophorus aphids, although the niche was the very 
same for both species. Similarly, Arcopraon lepelleyi attacks only the Schizoneura 
aphids living in galls on Ulmus, while galls of other aphids arc left untouched. 

The different role of host taxonomy and ecology may well be documented in tlus 
manner too. A number of other illustrative examples might be mentioned here. 

The host plant docs not seem to play any role in this respect. It may, however, 
cause another shape of the colony* of the host aphid which the parasite avoids (see 
above). Di'M I am k Clark ( 1938) mentioned preliminarily tliat the degree of parasitism 
of aphids on cotton depended on the degree of pilosity* of cotton-leaves, they later 
found, however, that this had no sigiuficancc and the aphid density was the main 
factor. The host plant of the aphids seems to have an influence in the host acceptance 
phasc(scc below), CRUmilS (19G0) found that Monoctomis crept Jn parasites cxlnbited a 
dear tendency to fly olf the paper, whereas they remained on the piece of lettuce 
leaves which was the host plant of their host; similarly, there was a clear tendency to 
avoid various objects placed on a piece of paper, while a number of examinations 
were greater Mm, the objects were put on the leaf. when, however, host aphids 
wrre used imicaj of inanimate objects, the results were less convincing. Statistical 
anal) nt lias sliown that iLifctcni !u*st plants had no influence on tlic degree of parasite 
attack on a given host aplud. Apparently, the parasites avoul the situations or places 
Wuidi arc unfamiliar to them (piece of paper, etc ) 
live median), mi of locating the lunt individual seems to be a complex actio:) of 
c.scmwa], tccduRWal and visual stimuli As the evidence shows, the relative sigmli- 
n:ue of icparate stimuli nus be specify, ally dependent vcmtsctx a hail (t</*>) 




found that Pram exoletum was able to detect the aphid only by sensory control, at no 
time was it observed to be attracted directly to the aphid by odour or sight ; however, 
some odour given off by the aphid and/or its honeydew arc mentioned as a possible 
general attractant; when searching for a host, the parasite? was observed to walk 
around, lightly tapping her antennae on the leaf surface in front of her and usually 
swinging her antennae from side to side. Chemotropic attraction is believed to have 
the greatest significance in locating the host in Diaeretiella rapac by ullyett 
GR iFFmis(i 9 < 5 o) ascertained that both chemical properties of the host and sight partic- 
ipated in locatmg the host by Monoclonus crepidis, that a response to chemical prop- 
erties of the host is important and was evidenced by the parasite’s intent examination 
of the cast off skins of aphids, the empty flattened skins hardly resembling in shape 
the living aphids. However, attempts to alter the parasite host preference by smearing 
aphids with body juices of other aphids proved unsuccessful, possibly because ex- 
traction of the body fluids led to their being denatured in some way. The influence of 
tight on host selection was demonstrated by the following experiment : a parasite 
was attracted to and stopped to examine a dark spot or protuberance on a leaf surface. 
When unilateral illumination was used, the parasite stopped and examined the shadow 
cast by an aphid. When the aphids were separated from the parasite by a sheet o 
glass, chcmicalstimuli thusbeing excluded, the parasitestopped and examined the g ass 
at the places where the aphids were underneath. As to the distance, relatively large o 
jccts.abou 1 4 mm in diameter, were perceived from approximately 6mm distance ; smal- 
ler objcctsof 2.5 - 3.5 mm of diameter were perceived from about 3.3 - 4 mm distance 
and objects of approximately the same size as the aphids (1.0 - 2.0 mm) at a distance 
of 3 - 3.5 mm. The disregarding of chemical stimuli may be derived also from obser- 
vation, where the parasites stopped and examined empty skins even when these had 
been empty for four years and apparently did not possess any chemical attraction. 

- Host acceptance is a process which comes after the host lias been located. It seems to 
be a very complicated process, where a number of factors come into play. 

-Host species -It is a well known phenomenon in the parasites that arc more widely 
specialized, i.c. where host range includes several host species, that these species of 
hosts arc not attacked to the same degree by the parasite ; some of them arc obviously 
preferred, others arc attacked less commonly. Such a situation may be found to 
occur in every species that has a wider host range. Nevertheless, a great number or 
samples must be used as a base for a similar classification of preferred species. SCHLINCER 
tc hall (i960) ascertained the following host preference of Lystphlebus lestaccipcs ui 
California: 1. Aphis medicaginit — excellent, 2. Aphis pseudobrassicae — excellent, 
3. Aphis nossypii — excellent, 4. Rhopalosiphum maidis — good, 5. Aphis rumicis fbir, 
6. Aphis helianthi — poor, 7. Myzus persicae — poor. 

A similar scheme can be found or elaborated on the basis of a more comprehensive 
study of aphid parasites of a given area (see c.g. stary 1966). 

Host preference can be influenced by a number of factors. If there is a lack of hosts 
in a given habitat, less suitable hosts may be attacked. Similarly, if there arc suitable 
hosts and less suitable hosts mixed in a colony or they occur in a close neighbourhood, 
the oviposuion activity of a parasite may cover the less suitable host species as well: 
scklinglr * hall (i960) ascertained that Aphis helianthi and Myzus persicae arc 
attacked by the above mentioned parasite when they arc in the company of a more 
preferred host. Aphis gassy pii. Similar conclusions w ere made by SCKHAR (19J7) on 
basis of his studies on Praon a^uti and Lysiphlrbus icstaceipes. Similarity of host ecology 
has an influence also: according to EVtNiiuiS (1964). EpJieJrus persicae attacked the 
overpopulated aphids, Rhopalostphum 1 nsertum and Aphis ponu, because these over- 
populated species caused leaf-curling of leaves in the same manner as the Dysaphis 



aphids, the preferred hosts of the parasite. Host preference may or may not be con- 
nected with changes in actual fecundity; broussal(i966) found that Diaeretiella rapac 
exhibited the same fecundity when attacking Brcvicorync brassicae and Myzus pcrsicae 
separately, although Br. brassicae was clearly preferred when both the species were 
mixed in equal numbers and occurred simultaneously. Host preference is also geo- 
graphically dependent, it may exhibit quite different features in various parts of a 
parasite distribution area. The host plant may also have some significance. sekiiar 
(1957) found that LysiphUbus tcstaccipcs preferred Aphis gossypii reared on melons in 
comparison with the same species reared on Hibiscus ; similarly, Myzus pcrsicae reared 
on the Nicotiana plant was preferred to the same species on other host plants. We 
have also observed some differences between the parasitization of Aphis fabae by 
Trioxys angelicas on Euonymus curopaca and Philadclphus coronarius in Europe. 

Host preference and factors influencing it is a rather complicated subject. It needs 
a detailed study, while wc are probably only at the very beginning of its general 
research. 

- Host density - If two or several host aphids occur m a single plot, usually one of the 
host species is preferred, pimentil (1961) studied Diaeretiella rapac and its relation to 
Brev'tcoryne brassicae , Lipaphis pscudobrassicae and Myztts pcrsicae on Brassica plants. 
The difference in the preference of one species for another was observed. However, 
density searching relationship is believed to play a role: if D. rapae is given an equal 
choice, it might prefer one aphid to another, but when one aphid species is abundant, 
opportunity for contact increased so that the more abundant species was the most 
parasitized. There seems to be no doubt that host species preference is an intrinsic 
phenomenon of a given parasite species or its population. Preference may become quite 
apparent when equal choice is given to a parasite. However, when there is a different 
abundance of species, the parasite attacks the most abundant one and consequently this 
speaes seems to be the preferred one; thus the community equilibrium determines the 
parasite preference. The actual preference between two or more species can be estab- 
lished only when an equal choice is given to a parasite. 

This conclusion can be clearly demonstrated also by the experiments of broussal 
( 1966), carried out on D. rapae and they complete the above mentioned observations 
of pimentel very well. This author placed the same number of Brcvicoryne brassicae 
and Myzus persicac aphids together and let 10 parasite ?? oviposit freely under 20°C 
and 14 hour photoperiod. From a total of 4,975 eggs laid, only 268 eggs were 
deposited in At. pcrsicae (5.4%). When only At. pcrsicae was used under the same con- 
ditions, a total of4,999 eggs were deposited in this aphid. Therefore, the preference of 
the parasite for Brevicorytte brassicae was well documented, hafez (1961) received iden- 
tical results. 

- Host size — This in the frame of a host species seems to be equivalent to host rnstar 
preference (see: below). Host size with respect to separate species is a matter of host 
species preference (sec above). 

- Host instar - j. Methods. Host instar preference can be recognized by two 
methods. The basic condition is that there must be sufficient specimens of all instars 
present and the environment must be suitable for the parasite (water, food, etc.). 
When using the first method, we leave a parasite $ to oviposit, then carefully collect 
all the aphids attacked, dissect them and so we can ascertain the percentage of sep- 
arate instars attacked. The second method is a little more complicated. First, we let 
the aphid to oviposit gradually in a progeny of an aphid in such a way that all the 
instars are attacked; then we rear these parasitized aphids of various instars under 
identical conditions and determine the instar which is reached when the aphid is 
mummified ; we are then able to derive the preferred instar from the corresponding 
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forms of aphids irrespective of whether they are apterous or alate. In most cases, it 
depends on the seasonal coincidence whether a given form is attacked or not. 
Several examples may be mentioned: 

1. Aeyrthosiphon pisurn: Aphidius ervi in Europe occurs as early as the fundatrices 
in spring, and as late as the sexual progeny in the autumn; consequently, the fun- 
datriccs, parthenogenetic summer forms, and sexual autumnal forms arc attacked 
by the parasite. This was proved also experimentally by us in the laboratory, where 
the parasites readily attacked both lower rnstar fundatrices as well as lower instars of 
summer parthenogenetic progeny and favourably developed in them. 

2. Aphis fabae: On Euonymus curopaea, the primary host plant, the aphid is 
attacked by Trioxys angelicas, Praon ahjectum and Ephednu plagialor. However, these 
parasites seem to occur later than the fundatrix in spring, so that they can attack only 
the progeny of parthenogenetic females. This parthenogenetic progeny later emi- 
grates from the habitat and, consequently, the parasites which attack the aphid on 
its secondary host plants in another type of habitats, Le. Lysiphlebus fabarum and 
Lipolexis graciHs, may attack only the parthenogenetic progeny. When the aphid 
immigrates to Euonymus europaea in the autumn, its parthenogenetic and later 
also sexual progeny' is again attacked by the same parasite complex as in spring. 

3. Chroiuaphis juglandicpla : v.d. BOSCH, schlinger & hacen (1962) observed 
Trioxys pallidtts attack both parthenogenetic aphids in summer and oviparous 
progeny in the autumn. 

In general, it seems that the fundatrices progeny that occurs in early spring is 
relatively less attacked by the parasites just owing to the lack of seasonal coincidence. 

A somewhat different case is that of Monoctonia pistaciaccola. This species ob- 
viously* depends on the parasitization of the fundatrices of Pemphigus and Fosda 
species, as these forms arc on the one hand not closed inside a complete gall, on the 
other liand, they arc of a relatively large size. In this case, the obligatory parasitism 
on fundatnx is apparently due to the phenomenon that the parthenogenclic progeny 
of the fundatnx is closed inside a gall, where the parasite is not capable of reaching it. 
- Parasitized and non-parasitized hosts - Various opinions can be found in the liter- 
ature as to the ability of parasite 9 ? to distinguish between parasitized and non-para- 
sitizcd hosts. A number of authors believe that the ovipositing arc incapable of 
recognizing whether the host aphid had already been parasitized or not by the 
parasite? herself or by another ?: ullyett(i938)— Diacreliella rapae; wilbert (1967) 
— D. rapae; ha rtz (1961) — D. rapae; sedlag (1964) — D. rapae; sedlag (1964) — 
D. rapae; sciilikger * hale. (1961) — Trioxys complanotus. (However, fORCE * 
M essences, 1964, found some tendency of avoidance). roscE it messenger (196$) 
found little tendency to avoid oviposuion in hosts already parasitized in Praon 
rxoUtum. 

Contrary to these opinions, SEJuias (1937) observed in Lysiphlebus testaceipes and 
Praon dfufi a general avoidance of already parasitized aphids; ARTHUR (1944) nude 
similar observations in ApluJius? avenae. eidwann (1924) even believed that Trioxys 
angel woe possesses sensory organs at the apex of ovipositor sheaths which serve to 
detect a parasitized aphid, as he found no case of supcrparasinsm . how ever, scjilinCEX 
k hail (1961) were right to doubt this opinion as no dissections to recognize 
superparauusm were nude 

broesial (l'/6) divided the parasitized aphids into two categories before they 
were used in the experiments Diaeratella rapae was unable to recognize already 
parautued aphids in the case that thev contained only parasite embryos, of a iota! 
number of 4.9V) eggs 4; were deposited in the mentioned aphids. Howcscr, 
when the parasitized aphids containing parasite larvae were used, of a total number 



of 3,849 eggs only 17% of the eggs were deposited in already parasitized hosts; 
therefore, in the latter case the parasite showed an incomplete discrimination ability. 
stary (1962) observed a similar dependence in Aphidius ert>i, where the parasite ?? 
were able to distinguish the parasitized host in the case that it included higher instar 
larva or pupa of the parasite. 

In our opinion, it seems that the parasites generally exhibit a rather low discrim- 
ination ability as to the parasitized and non-parasitized aphids. The avoidance of the 
parasitized aphids that contain a higher instar parasite larva seems to be due not to 
the presence of the higher instar larva, but to the fact that higher instar parasite 
larva usually occurs in a higher instar of its host, which in most cases is not preferred 
by the ovipositing ?; consequently, the ‘‘distinguishing” between parasitized and 
non-parasitized aphids is due to host instar preference. There is no doubt that die 
degree of intensity of oviposirion stimuli plays a role here as well; intensive op- 
position stimuli force the parasite ? to try to oviposit even in aphid mummies, or 
in each other, etc. 

- Live and dead hosts - Under normal conditions of host presence the parasite seems 
to pay little attention to dead hosts, especially if these have beat dead for a longer 
time. Griffiths (i960) killed host aphids of Moiioctoiius crepidis by freezing at a 
temperature of-9°C, the aphids were then left to warm up to room temperature; 
aphids killed 24 hours previously were less frequently attacked, aphids killed for 
48 hours were not attacked at all. 

- True and false hosts - Several observations were made on the influence of host 
aphid skins on the parasite opposition bchaPour. It was found in Moiioctoiius 
crepidis that the parasites examined the skins of their hosts, probably due to their 
chemical properties, although flattened aphid skins hardly resembled the living 
aphids in shape (Griffiths, i960), srkhar (1957) recognized that cast off skins of 
Aphis gossypii were examined by the parasites; rarely was the opposition posture 
observed and no eggs were deposited; the stimulation due to cast skins gradually 
decreased and finally ceased altogether. 

- Host behaPour - Parasites in general seem to be well adapted to a certain behapour 
of the aphids which they exhibit when tapped by parasite $ antennae. Some aphids 
remain quiet; other species slightly move their legs or antennae; still others move 
their legs very strongly, pull their rostrum out of the plant and fall off the plant. If 
a parasite taps an aphid which shows a different response, the parasite is obPousiy 
discouraged and often breaks off opposition attempts. The host behaviour is some- 
what different in different instars, and is further influenced by temperature con- 
ditions, air movements, movements of plants, etc. 

- Waxy coverings - A number of aphids have a more or less dense wax cover on 
their bodies. The parasites seem to be well specialized in oviposirion behaviour in 
avoiding contact with this wax cover as they could severely injure themselves. The 
parasite bchaPour is sometimes surprising, as for example, Arcopraon lepelleyi 
emerges inside a semi-opened gall of Schizotieura aphid on Ulmus, which is full of 
honcydew and wax, and the parasite remains free of it. Diaereticlla rapae, a parasite 
typical of some wax producing aphids such as Brcvicoryne brassicae, Hayhurstia 
atriplicis, etc., also restricts its attacks to those host indiPduals which are at the edges 
of the colony where the wax cover is not very developed, according to observations 
of GEORGE (1957). 

Where this specific opposition behaviour is lacking and the parasite oviposits 
under certain conditions in wax-covered aphids, the parasite gets injured. GRIFFITHS 
(i960) made laboratory experiments with Moiioctoiius crepidis, a common parasite of 
NasonoPa species, using other aphids as unnatural hosts to ascertain the influence of 
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Table 6. Aphidtus megourae—Megoura view. Host instar preference and laboratory 
effectiveness (+ io-i4°C) as shown in mummified aphids (stary, 1964). 
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Table 7. Aphidius megourae — Megoura viciae. Host instar preference and laboratory 
effectiveness as shown in mummified aphids (+ i8-24°C) (staby, 1964). 


ovi position-mummification period in the separate instars. The latter method is very 
useful as it may be used for determining the host insue p reference in field con- 
ditions when sufficient aphid mummies arc at hand (see staby, 1964). 

2. Examples. Aphidius avenue: Arthur (1945), instar II and UI preferred, opposition 
in all instars. Aphidius ervi: stary (1962), mummified instar III 4.8%, mummified 
instar IV 75%, mummified alatc adults 7%, mummified apterous adults 15%. Aphidius 
inrgourae : stary (1964) Tables 6-7. Aphidius smilhi: wiackowski (1962), instar II and 
UI preferred, followed by 1 and II, adults less frequently attacked. DiarrelieUa rapae : 
BROUSSAL (f&tt). instar II and III preferred, but it may attack all the instars. sedlac 
U9J9). middle 1 itze apliids preferred, but it may attack all the instars. iiaiez (1961) — 


or poorly attacked. Praon exolelum : schunclr * hau (i960), instar III and IV preferred, 
but all mstars except the first were parasitized. Praon voluett: borne (1942), indiscrimi- 
nate. lihixjs angtjuae: star# (1966), low imtars preferred. Ttioxyt temphnjius: 
satUsciR * HAU (1961), first three imtars preferred, ovi position possible in all instars. 
Truxji uOuus: subba rao * silarma (1962). Trioxys pAIUu, : saioscca. hace** V. d- 
bosoi (i960), younger msur preferred, but opposition in all mstars. 

J. I uxpovc of host rrnur preference. There is no doubt that host instar preference 
is quite intentional, it is not a nutter of chance. Apparently, the most suitable instar 
for parasite development is sclcctcJ. the composition of the body contents bang 
favourable (glycogen. water, ere.). The size corresponds to the gradually greater 
dneIo P mei.ul ■!* end the developmentj period of the imur u 

l " 0< enough to tiullt the perunc to complete development. 





4. Influence of temperature. Experiments of stauy (1964) showed that temperature 
has no influence on host instar preference: Aphidius tncgpurae exhibited the same 
preference both in conditions of +io°-i4°C and in + iS°-24°C (Tables 6-7). 

5. Influence of intensity of opposition stimuli. Host instar preference may be 
well observed and determined only in case that a $ is in the presence of its host rela- 
tively continuously. Host number must be sufficiently numerous, as well as all the 
instars being present. In case that a 9 has not laid eggs for a longer period and then an 
opposition chance is given to her, she does not distinguish the instars but attacks all 
the apliids she meets. This fact must be emphasized, as incorrect results could be 
obtained in observations where apliids of a given instar were put in a Petri dish and 
a parasite 9 that had no chance to oPposit for a longer time is added, she may 
attack even adult apliids although generally preferring instars II and III. 

6. Different reactions of separate aphid instars to parasite attack. Separate aphid 
instars reveal different reactions to parasite 9 attack. If the aphid’s response to para- 
site attack is generally negligible, there is consequently no difference. However, 
when the aphid shows a response such as movements of legs, etc., then it is a rule 
that these defensive responses arc stronger in higher instars. Higher instars too, have 
longer legs and this can influence the result of parasite opposition. On the contrary, 
it is difficult for the parasite’s antennae to tap instars which are too small and which 
cannot, moreover, be successfully struck by the oPpositor. 

7. Host instar preference and aphid dispersal. The parasitization, cither inten- 
tional or facultative, of a higher aphid instar means that a parasitized aphid has 
reached an adult stage; it may even live for a certain time and produce a certain 
number of progeny. If the alate instars are attacked, the alatc adult aphid may 
disperse and transport the parasite larva inside its body to a new environment. It is 
well known that in some species (Praon exoletum) this kind of dispersal is rather 
significant. 

8. Morphological adaptations of parasites and host mstar preference. The develop- 
ment of various accessory prongs in the genera Trioxys, Bioxys and Mctapliidius is 
generally believed to restrict the opposition ability of a parasite 9 to a given host 
instar only. However, according to our observations, supported by those of 
SCHLINGER Si HALL (1961) on Trioxys COlliplailOtUS, or of SUBBA RAO Si SHARMA (1962) 
on Tr. ittdicus, the Trioxys species are capable of attacking all the host instars, with 
of course a certain, preference for a given mstar . The accessory prongs and tire whole 
apparatus, therefore, have apparently their principle function to hold the aphid and 
prevent its escape when the parasite tries to deposit an egg m it. 

- Host form - The significance of a host’s form can be considered from two aspects. 

A. Apterous and alate forms. The preferenceof either alate or apterous forms by a 
parasite 9 is caused by several reasons: In some aphids m a certam part of the season, 
only alate forms are produced so that the parasite cannot select an apterous form , 
this is the case of Trioxys phyllaphidis, a parasite of Phyllaphis fqgi, and that of Dysm- 
tulus planiceps, a parasite of DrepatiosipJium plaianoides. Both these parasites are known 
to mummify their aphid hosts in alate adult stage only. In other aphid speaes, alate 
progeny represents commonly a certain or even a total part of their progeny, either 
paithenogenetical or sexual; parasite 99 do not basically distinguish apterous and 
alatc aphids, and they prefer a certain host instar only; consequently, it depends on 
the relative number of alate progeny whether the percentage of parasitized alate 
adults is larger or smaller. For example, as mentioned by schlinger a- hall (i960) 
Praon exoletum 99 preferred second instar host aphids, both apterous and alate 
progeny being attacked. 

B. Seasonal forms. The second group of aphid forms includes various seasonal 
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wax covers on an unadapted parasite: Maerosiphuin euphorbias from lettuce had a 
slight wax cover on us cuticle; the parasites appeared to spend extra time preening 
themselves after having come into contact with aphids or this species. Brcvicoryne 
brassicae has also a strong wax cover; the parasite avoided the apliids, although rare 
attacks were also observed ; after several minutes the parasites showed signs of damage, 
they fell on to their sides and backs and made vigorous attempts to rid themselves 
of the waxy film with which they had become contaminated by preening. This 
damage caused to the parasites is believed to be probably due to the oviposition 
behaviour of the parasite, which holds ns legs on the aphid attacked when ovi- 
positing. 

- Host movements -In several parasite species we have observed that a 9 remains in 
an expecting posture near a motionless aphid and oviposition follows in the ease that 
the aphid moves a little. Other parasite species do not pay any attention to whether 
the aphid moves a little or not and oviposit in it. The latter ease was experimentally 
proved by Griffiths (i960) : Nasonovia rtbis-uigri aphids were anaesthetized by carbon 
dioxide and were offered in the presence of normal hosts to Mouoctonus crepidis 99 ; 
the parasites failed to distinguish between anaesthetized and normal aphids and 
rcaddy attacked them. 

- Oviposition stimuli - In the oviposition paragraph, we have shown that if an 
emerged 9 docs not have the possibility to lay its eggs, the oviposition stimuli 
gradually increase in intensity, and the 9 is able to oviposit in aphids that would 
never be attacked if true hosts were present. Therefore, gradually increasing intensity 
of oviposition stimuli may overrule the other factors acting during the host accep- 
tance process. 

Intensity of oviposition stimuli in an ovipositing parasite gradually decreases to 
zero with age. 

- Host suitability. If the stimuli determining host acceptance arc suitable for the 
parasite 9 , she deposits an egg into the selected host. One would expect that after 
such a complicated process of host acceptance the egg would be deposited in a 
favourable host exclusively. However, as was correctly stated by bess (1939)* ovl " 
position by a parasite is not necessarily an index to host suitability, the attractiveness 
of the host often being independent of its suitability for parasite development. This 
is quite true of the group of aphiduds as well. One can often observe that a parasite 
lays her eggs into hosts where the eggs cither fail to develop or the parasite develop- 
ment is incomplete; this is often seen under both field and laboratory conditions, 
Griffiths (i960), c g. observed that Mouoctonus crepidis oviposited in its true host, 
Nasonovia nbis-nigri on lettuce in the laboratory; the development of the parasite 
was complete. However, the parasite laid eggs to quite the same intensity in other 
aphids occurring on lettuce, such as Aulacorthum solani, Macrostphum euphorbiae, 
Myzus persicae, Neomyzus ctrcwnjiexus, although no development of the eggs was 
observed. 

Similarly, under laboratory conditions, we can cause many aphiduds to attack 
unnatural hosts as well as deposittheir eggs into them (see unnatural host propagation). 
broussal (1966), c.g., observed the attack and oviposition of Dtaeretiella rapae into 
Macrosiph 0 n iella sanborni, an unnatural host in the laboratory, but the larvae of the 
parasite did not develop past the thud mstar. 

Under natural conditions, schuncer & hall (i960) found that Lyswklebus testa- 
ceipes often attacks Aphis spuaecola in California, although the parasite is not able to 
complete its development in this aphid and the larvae die before reaching the last 
mstar larva stage. 

This feature of parasite specificity seems to be a little strange, perhaps as a certain 
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incompleteness in a parasite species adaptation. However, it may be found to occur 
in the whole group, both in strictly and widely specialized species. It can, therefore, 
hardly be classified as a poor adaptation as it is highly improbable that a similar gap 
in adaptation would occur in the whole group. In our opinion, the difference be- 
tween opposition and host suitability for parasite development seems to be quite a 
rule, which allows a parasite to attack and oviposit in a greater quantity of hosts 
than in which it is able to develop completely. This feature may have a great signif- 
icance in the host range of the parasite, as the parasite can perhaps find new hosts in 
tliis way, where its development is possible, and enlarge its range of specificity. If 
there would be a strict adaptation of a parasite in such a manner that only a strict 
number of favourable hosts would be attacked, no less suitable or new hosts met 
with in an environment would be attacked and this would naturally cause an evo- 
lutionary regress in the parasite species. The trend to oviposit even in hosts that are 
not suitable for development seems to overrule even the strict specialization of 
various parasite species, where it is evident that no development will occur and the 
parasite is a relatively regressive species. 

Consequently, because of this difference between opposition and complete 
development, complete development of a parasite in a given host must be stated as 
a single correct criterium of host suitability. 

- host specificity range is defined as a total of host species that are parasitized by 
an aphid parasite in nature. It is clear from this definition that the value of this range 
depends on our contemporary knowledge both of the distribution area of the species 
and of the number of hosts it attacks in this area. Gradually, as the research on the 
group is in progress, the classification of the range becomes more complete. 

- Actual and potential range. The host range is basically determined by the distri- 
bution of the species. The distribution restricts the number of hosts which the para- 
site may attack. Consequently, we are able to recognize the actual host range of a 
parasite species. As it is known, each spedes is limited m its distribution by certain 
barriers. These barriers arc of different kinds: geographical, biological, etc. Never- 
theless, as it is also well known, there are a certain number of hosts over a barrier, 
which could be theoretically attacked by the parasite: such hosts are classified as 
potential hosts (see: host classification) and the parasite range as potential host range. 
When the barrier is crossed by the parasite spedes, these potential hosts fall within 
the actual range. The barrier can be crossed in different ways. Geographical barriers 
are crossed through the accidental or purposeful introduction of a parasite species 
into another country (across an ocean, etc.). Biological barriers may be crossed by 
changes in microhabitat conditions, seasonal occurrence, etc., the latter gives great 
possibility to laboratory work, where environment can be substantially controlled. 
Nevertheless, we must precisely distinguish laboratory and field conditions: A host 
accepted in the laboratory may be avoided in the field, as there the barriers occur. 

- Main types of range. Several types of host range are distinguished among the 
aphidnd parasites. 

Type i : Host range is restricted to a suigle host spedes. 

Examples: Aphidins hor trusts— Liosomaph is berbendis, Aphidnts ntegottrae — Mcgoura 
viciae ; Aphidnts phalangomyzi—Phalangomyzus oblongtis; Aphtdtus rtbts— Cryptomyzus 
nbis; Archaphidus green ideas— Greenidea ficicola; Dyscritulus plan iceps — Drepaitosiplmm 
platanoidcs ; Lysaphidus sdtiiiutschcki—LiosomapUis abietina; Lysipltlebtts fritzinuellcri — 
Aphis craccae ; Lysiph febus hirticomis— Metopcuritin fuscoviride ; Alonoclonus pscudoplatani — 
Drepanosiphuin platanoidcs ; Pseudephedrus neotropicalis —Ncohzcritts sp.; Trioxys phylla- 
pluMi's — PliyUapfiis Jigi; Trioxys confucius— Greenidea Jiacola; Trioxys emu— Drepanosi- 
phuin platanoides; Trioxys pan twit inis — T itanosiphon artcntisiac ; many Trioxys species. 
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Type z : Host range is restricted to two or more host species of the same genus. 

Examples: Aphidius absinthii— Macrosiphoniella spp.; Aphidius cingulatus—Pterocomnus 
spp. ; Aphidtus fuitebris— Dactynotus spp.; Aphidtus hicraciorum —Nasonovia spp. ; Aphidius 
rosae— Macrosiphum spp.; Aphidius setiger— Ptriphyllus spp.; Aphidtus areolatus—Peri- 
phyllus spp. ; Aphidtus sortchi— Hype roittyzus spp. ; Diaeretus Icucoptcrus — Proloiachnus spp.; 
Lysaphidus arvaisis—Coioradoa spp.; Lysiphkbus salicaphis—Chaitophorus spp.; Monoc- 
tonus angusti vah’tis — Nasonovia spp.; Monoclonus cripidts— Nason avia spp.; Paucsiaspp.— 
Cttiara spp.; Pauesia wulachni— Schizolachnus spp.; Praon abstnihti — Alacrosiphoitielia spp.; 
Praon bicolor— Protolachnus spp.; Praon pule scats— Nasotio via spp.; Praon silvestrt— 
Periphylius spp.; Praon cxolctum — Thcrioaphis spp.; Protaphidius wissmamni—Stomaphis 
spp.; Trioxys acakphae— Aphis spp.; Trioxys faicatus— Periphylius spp.; Trioxys compla- 
natus— Thcrioaphis spp. 

Type 3; Host range is restricted to two or more genera of the same host group, 
more or less closely related. Other host groups arc not parasitized. 

Examples: Aphidius transcaspicus—Hyaloptcrus, Longiunguis spp.; Aphidius tanacetanus 
— Metopeurum, Murosiphum spp.; Aphidius salias—Cavartclla, Semiaphis spp.; Areopraott 
Icpelleyi—Scltizoneura, Lriosoma spp.; Lysaphidus crysimi—Lipaphis, Pscudobrevicorync 
spp.', Lysiphkbus arvicola— Stpha, Athcroides spp.; Praon abjectuin— Aphis, Rhopalosiphum 
spp.; Praon fiavmodc — deciduous forest Callaphididac (Myzocalhs, TntocalUs, Chromaphis, 
EucaUiptirus, Tubcrculoides spp.); Trioxys palhdus— deciduous forest Callaphididac 
(Myzocalhs, Tmocaltis, Chromaphis, Eucalhpterus, Tubcrculoides spp.); Trioxys centaureac 
—Dactynotus, Macrosiphoniella spp. 

Type 4: Host range is restricted to two or more genera of the same host group, 
more or less closely related. Other groups arc rarely parasitized. 

Examples: Diacreiiella rapae— main hosts: Brevicoryne, Hayhurstta, Myzus spp.; 
alternative hosts: Brachycaudus, Sitobium, Schizaphis spp,; Ephedrus campestrts—msin 
hosts: Dactynotus, Macrosiphonulla spp.; alternative host: Megouta spp.; Praon dorsale — 
mam hosts: Dactynotus spp.; alternative hosts: Acyrtliosiphon, Megoura spp. 

Type 5: Host range includes several host genera of the same host group to which 
the main host also belongs, but few other host groups arc attacked often. Mode of 
host life is important. 

Examples: Ephedrus nacheri— mam host: Hayhurstta spp.; alternative host: Crypto- 
siphum spp., both arc leaf-curling aphids; Lipolexis gracilis— Aphidmc and MyzinC 
aphids; Trioxys angchcae-mzm hosts: Aphis spp., Toxoptcra spp., alternative hosts: 
Rhopalosiphum, Brachycaudus, Dysaphis spp. 

Type 6: Host range includes several or some host genera of various host groups. 
The mode of host life plays the most important role. Nevertheless, also in this type 
of host range a certain restriction takes place. 

Examples: Ephedrus persicae- various Icaf-cutling aphids of Anuraphidme, MyzinC 
and Aphidinc groups ; Ephedrus plagiator -various leaf curling and in dense colony 
living aphids ( Aerythosiphon , Aphis, Brachycaudus, Ceruraphts, Dysaphis, Macrosiphum, 
Proaphilus, Schizoneura, etc.); Lysiphkbus fabarum, Lysiphlebus ambiguus, Lysiphkbus 
testaceipes many aphid groups, Paraltpsis enervis— root aphids (Pemphigidac— Fordi- 
nac. Enosomatmac, Anoccndac, Aphididae-Anuraphidinc aphids). 

- IVtdth of range. When the host range in the whole group of the aphidiids is 
classified it is obvious that a wider host range which restricts the parasite to a certain 
number of hosts is prevalent. Strict specialization and a rather wide specialization 
arc less common. 4 

When the separate genera arc classified, then the following situation can be 
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ascertained: In monotypic genera wc can find both strictly specialized {Archaphidus, 
PscuJephedrus ) and less specialized (Mouocionia) genera. In genera including a low 
number of species there occur only less specialized species: Adit us (2 species) — on 
root aphids; Areopraon (several species) — gall apliids; Paralipsis (2 species) — various 
root aphids; Toxares (2 spedes) — various arboricolous species, etc. In all the genera 
that indude a great number of spedes we are able to recognize various types of host 
range, from strictly specialized to rather widely specialized spedes. 

It seems that a relatively wide host range is more progressive. These spedes are 
ecologically more plastic, various races and strains can develop, which may result in 
the evolution of new spedes. 

phylogenetic parallelism rule. The fahrenholz’s rule or the Rule of phy- 
logenetic parallelism or parallel evolution was published by this author in 1913, 
based on an examination of the host ranges of certain insect ectoparasites (Auoplttra). 
mackauer (1961, 1962, etc.) applied this theory to entomophagous parasites, the 
aphidiids. He found that ‘‘host range of members of the Ichncumonoid family 
Aphidiidae (Hymenoptera) which are parasitoids of aphids (Homoptera: Aphidoi- 
dea) is restricted to units of their hosts that are taxonomically clearly defined”. 
mackauer has further developed this theory (1965, etc.) applying it even as an aid 
to aphid classification. According to him, ‘‘there is reason to believe that aphids and 
their hymenoptcrous parasites represent a host-parasite association that possibly is 
unique in this respect” (1961, 1965). 

fahrenholz’s rule was criticized by many general parasitologists (pavlovskij, etc.) 
especially because of its mechanistical viewpoint, which introduces artificial aspects 
into the evolution of host-parasite relations. Thus, it is only a surprise, that this rule 
that was so deeply critidzcd on the base of wide and well documented material of 
the animal world, has appeared in the entomophagous parasites, m the aphiduds. 
The whole trend of this book, as is apparent to the reader, dearly shows our basic 
disagreement and opposition to this rule. The reader can make the corresponding 
comparison for himself, as discussions are intentionally avoided in this book. For 
this reason, we have summarized our basic points of criticism as follows: 

A parasite adult is a free insect, while its larval development is inside the host. 
The requirements of parasite adults, which arc a result of a direct response of the 
adult to the environment, may be different from those of their larvae, as the latter 
are determined by tbe requirements of the host. We know cases where the parasite 
adults are unable to survive, although the aphid occurs unharmed in the same con- 
ditions. 

Aphids exhibit parthenogenetic reproduction during favourable periods of the 
season, in the south it is the only type of aphid reproduction. The parasites are 
bisexual, uniparental reproduction being on a strain or population level, relatively rare. 

The number of host species is considerably lower in the parasites than m the aphids. 
To cover their host group the parasites have developed generally a certain wide 
range of their host specificity, consequently, they often show greater ecological 
plasticity than their hosts, although they are basically habitat dependent in then- 
occurrence. 

In a part of the aphids in a temperate zone, obligatory host alternation lias devel- 
oped, connected mostly with habitat alternation. Nothing similar is known to occur 
in the aphidiids. The parasites are strictly habitat dependent : there are different com- 
plexes of parasites that attack the aphids in various t) pcs of habitats in which they 
occur because of host alternanon, exceptions being rare. Parasites have generally 
adapted themselves to obligatory host alternation of aphids by (1) development of 
quiescent states, and (2) a wider host range. 



A parasite may exhibit a different host range in various parts of its distribution 
area. We stress, in the original distribution area, not in the area that appeared due to 
accidental or purposeful introduction. 

A host, better to say, a taxonomically defined host, is believed to be a basic factor 
in parasite evolution according to the Phylogenetic parallelism theory. This docs not 
seem to be correct. A host is only a part of the parasite’s environment, for example 
during a certain period of its lifetime (larval development). Host specificity starts 
with habitat finding, irrespective of a host’s presence or absence, a host being foun 
later in a given habitat. Parasite distribution may be derived primarily from various 
kinds of habitats (floristic zones), not from the host aphid distribution. 

Taxonomy of the host is believed to be more important than host ecology, 
according to the Phylogenetic parallelism rule. In our opinion, taxonomy and ecology 
play a different part in individual eases. In some cases, taxonomy seems to be more 
significant, sometimes they are equivalent, sometimes ecology is prevalent. In 
ease, taxonomy and ecology, as well as the community, arc the basic factors of host 
specificity development and in no ease can they be considered separately. 

Phylogenetic parallelism cannot explain why a given host species is attacked by 
different parasites m various parts of the world. If the evolution of host-parasite 
relations would be really a parallel, host and parasite distribution would be identi . 

The phylogenetic parallelism rule supposes the responses of the host and parasite 
to the environment to be identical, parallel evolution being the result. This is an 
artificial aspect. Each group manifests its own responses to the environment. Naturally, 
the host is a part of the parasite environment and influences the parasite m a cor- 
responding way. The phylogenetic parallelism rule ignores or cannot explain dif- 
ferent responses of the host and. parasite to the environment. Even mackaueb con- 
siders certain features of parasite specificity as ‘‘secondary adaptation”. We can only 
ask how a secondary adaptation is possible in ease of parallel evolution? According 
to this rule, a parasite closely follows its host during the phylogeny. If secondary 
adaptation of parasites follows, they arc a clear example that no parallel development 
of both the groups occurs. 

One of the basic subjects of the Phylogenenc parallelism rule arc the parasites ot 
the aphids connected with Rosaccac. However, just this group of aphids represents 
a rare ease of phylogenetic parallelism in aphids (higher taxonomic units). 

The system of the aphid parasites cannot be mentioned as an aid to aphid clas- 
sification. The system elaborated by mackauex has not been accepted by us as it is 
considered to be a very artificial one. We have restricted ourselves only to a more or 
less general separation of certain ‘‘groups”, showing simultaneously how many 
characters arc lacking which are necessary for an elaboration of a natural system. 

We may conclude our criticism as follows: 

1. The host specificity features in the Aphidudae (Hymcnoptcra) do not differ 
basically from those of other groups of parasitic Hymenoptcra, namely Ichncu- 
monidac and Bracomdac, where the host taxonomy and ecology is known to play 
a role of a specifically dependent value (sec: townes 1958, etc.). 

2. In the aphidiids, the rule of phylogenetic parallelism is applicable in some cases 
only: rarely applicable on a generic level, mostly only on a specific leveL General 
application on the group is artificial, and it obscures only the existing host-parasite 
relations and their evolution. 

" intebspecific belations. Host specificity may influence the interspecific relations 
among the parasites. If we have a certain community, where several different aphid 
species occur, different situations appear because of different host range of separate 
parasite species present. 
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If the host range of the parasite species present is at least partially similar, there 
occur close interspecific relations among them : For example, Aphis fabae in the forest 
habitats in C. Europe is attacked by P raon abject um, Trioxys angelicac and Ephcdrus 
plagiator. Each of these parasites has its own host range, nevertheless, they come into 
interspecific relations because all of them attack the aphid mentioned, as the latter is 
one of the members o f their host range ; a similar situation occurs in the field, where 
the same aphids are attacked by Lysiphlebtts fabarum and Lipolexis gracilis. 

Contrary to the situation mentioned, situations occur where the host range of 
separate parasite species is basically different, consequently, there are no interspecific 
relations among them, although the following aphids and associated parasites are 
found in alfalfa fields in C. Europe: Acyrlhosiphon pisuni — Aphidtus ervi, Praoit 
donate-. Aphis craccivora — Lipolexis gracilis, LysiphUbus fabarum ; Therioaphis trifolii — 
Praon cxoletuin. 

- PARASITE progeny. It is a generally known fact that a parasite population which 
is reared from a host prefers this host as well when ovipositing. We have a com- 
paratively small number of records at hand. There is no doubt that certain strains 
and races of parasites may be recognized in nature (see: intraspedfic categories). 
The transferring of parasites from one host to another in the laboratory does not 
yield good results just due to the lack of parasite dispersal and sufficient preference 
possibility. It is apparent that the preference in the parasites is different for different 
hosts in various parasite species and no generalization is possible. A general picture 
on the host species preferences may be obtained when a great number of samples 
reared from various aphids of a given area is at hand. On this basis, it may become 
apparent that host specificity exhibits certain genetically fixed features and on this 
basis the experiments necessary may be undertaken. 

- laboratory and H£tD. Host species that do not fall within the host specificity 
range of a parasite species are separated by a certain barrier in nature. Natural con- 
ditions do not allow the crossing of this barrier, although the true relation of the 
host and parasite may be very dose. Laboratory conditions permit us to control a 
number of factors in such a way that an aphid that is not attacked by a parasite in 
nature is attacked in the laboratory. Unnatural host propagation may show a con- 
siderable number of such cases, and their number is expected to increase when more 
intensive research on the subject is undertaken. Naturally, the barrier may be crossed 
in the laboratory only to a certain degree. 

In most cases, laboratory results are usually not identical when the same relation 
of host and parasite occurs in the field. Nevertheless, we are at the very beginning of 
such studies. It is possible that when no preference possibility is given to the parasite 
(introduction), laboratory host-parasite relation will occur successfully in nature as 
well. 

- taxon OM i cal research. Exact identification is a basic presumption of the re- 
search of host specificity of the aphidiids. Incorrect identifications mentioned in the 
earlier literature, before good revisions of separate aphidnd groups were at hand, 
resulted in great difficulties when host specificity of separate species was dealt with. 
Consequently, it is advisable to start host specificity studies on a well determined 
material that was examined by a given author himself Our recent trend is to revise 
the old records and gradually elaborate the separate faunas of the world (see: 
mackauer & st ary, 1967). Therefore, if fauna of an unknown territory is studied, 
host specificity problems may be elaborated as a second step, after the identification 
is made. Host specificity generalizations must be taken into consideration, as host 
specificity exhibits peculiarities due to geographic distribution so that different con- 
ditions may be found to occur in the area studied. 
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Many examples where incorrect identification was followed by incorrect ideas 
about the role of host specificity of separate species can be found in the literature. 

The relation of a parasite species to its host represents an important part of its 
ecological characteristics. More and more identifications with host records added 
simultaneously represent better information on host specificity and on the given 
host species itself. 

- Aphid classification. Aphids can be considered to be useless as an aid in the clas- 
sification of higher taxonomic units of the plants. Close ph)logcnctic relations may 
be found only rarely, for example in the plant group Rosaccac and associated aphids. 
It is well known that aphids generally attack the plants irrespective of their phy- 
logenetic age. Nevertheless, aphid specificity may be useful when smaller plant 
groups are classified. 

Generally, a similar situation occurs in the aphidiid parasites. Close phylogenetic 
relationship may be found in some aphid groups only, such as the Lachmdae, 
Grccnidcidae, etc. Otherwise, the generic spectrum of the parasites is so dispersed 
over the whole Aphidoid group of aphids that we cannot recognize any devel- 
opmental trends of the aphidiid genera and groups. Nevertheless, a different situation 
may be found on the specific level. The classification of host range in the whole 
group (see: above) lias shown that certain groups of parasite species may be used to 
show certain relations that occur in their aphid groups. For example, parasites of the 
Dactynotine aphids can be mentioned (Europe): 

Aphidtus absmthti ; MacrosiphonieUa spp. 

Aphidius funebris: Dactynotus spp. 

Aphidtus phalangomyzi : MacrosiphonieUa (Phalangomyzus spp.) 

Ephedrus campestris : MacrosiphonieUa, Dactynotus spp. 

Praon absinthii : MacrosiphonieUa spp. 

Praon dorsale : Dactynotus spp. 

Trioxys centaureae : MacrosiphonieUa, Dactynotus spp. 

Trioxys pannonicus : Txtanosiphon spp. 

As these species of paras-tes attack the other aphid species to a lesser degree or not 
at all, they may be shown to support the aphidological classification. 

Nevertheless, in other eases, ecology of the host group is prevalent in importance 
in the parasite specificity and obscures any taxonomic relations among the host 
groups. For example: Ephedrus uacheri attacks both Hayhurstia and Cryptosiphum 
species. These aphids are of different taxonomic relations, but they are both leaf- 
curling aphids and the parasite specificity follows the host ecology. Paralipsis enervis 
attacks almost all the species of root aphids of several aphid groups with no taxonomic 
affinities. One could mention a number of such illustrative examples. 

- aphid contkol. i. Introduction: alternative host problem. Alternative hosts in 
the new environments where a parasite species is introduced represent one of the 
problems of a parasite introduction program. If a parasite has no alternative host in 
the new environment, it may be strongly influenced by a temporary lack of its host, 
as it is unable to survive this period by parasitizing some of its alternative hosts. 
Widely specialized parasites are usually easier in this respect than the strictly spe- 
cialized ones. 

It seems that this is one of the biological control trends of the future to introduce 
really economically indifferent aphid hosts, which are alternative hosts of various 
Pa ?j tC j spcacs ’ “multaneously or even independently with the introduction of 
aphidiid parasites. This could, at least in some cases, help the introduced parasites to 
survive the unfavourable period of temporary host absence. One example may be 
menuoned as an illustration: There is a monophagous aphid species widely dn- 
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tributed in S. Europe, Longiunguis Jotuuis, which attacks the Arundo donax rccd. 
This reed is common in waste places, irrigation ditches, and it seems rather to have 
more economic significance in households than to be a weed plant. The aphid 
mentioned is attacked by the following parasites in southern France according to 
sharMA (1965): Diaeretielia rapae, Lysiphlebus fabarwn. Aphid it is impressus, Lysiphlebtis 
Aphidim iramfospints (author’s note). We have found the same species to 
be infested by Aphidius tratiscaspiciis in Italy. Thus, the apliid is a monophagous 
spedes, but it represents the host of a number of parasites that indude many pest 
aphids in their host range. Consequently, it would seem advantageous to introduce 
the reed and the associated aphid, eventually the parasites as well, for biological 
control purposes. For example, Arundo donax occurs also in Cuba, but we did not 
find any aphids there. 

2. Mass rearing: alternative and unnatural hosts. Alternative hosts of aphid 
parasites may be useful in mass-rcarings of a parasite spedes in case that the main 
host aphid, the pest, is reared with some difficulty under mass-rearing conditions. 
Unnatural host exhibits the same features. 

3. Parasite conservation. Host range of a parasite spedes is important also in an 
integrated control program. If a parasite spedes is a strictly specialized spedes, more 
care must be taken as no fori of this parasite would occur there where it s host (pcs t) apliid 
would not occur simultaneously. In widely specific parasites the situation is some- 
what better as they arc capable of re-invading a territory in which they were tempo- 
rarily eliminated e.g. by nou-sclcerive insectidde treatments, etc., as they attacked 
alternative hosts in the neighbourhood of the treated area. 
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Intraspecific Categories 

The research of intraspecific categories m a given group of parasites is a higher 
degree of basic research, which may be based on. a good level of taxonomical 
research. We have a relatively good knowledge of the aphidud fauna of certain 
restricted areas, or a good general idea about the fauna of wider territories, but the 
research of intraspecific categories needs a really good knowledge of a given spedes 
in the whole distribution area, and research of a given species should also be related 
to the whole group. Thus, our recent state may be characterized as an acddental 
establishment of the existence of certain biological races of parasites or at least of 
their indication. Research of intraspecific categories may consequently be clas- 
sified as a subject of future research. 

- subspecies is a geographically defined aggregate of local populations which differ 
taxonomically from other such subdivisions of the spedes (mayr, einsley & usinger, 
*953)- 

mayr (1942) concluded, as a broad generalization, that the more sedentary a 
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species of animals is, the more it will tend to differentiate into geographical races. 
Consequently, it should be true that the more easily the individuals of a species arc 
dispersed, the less diversification into geographic races takes place. The aphidiids 
are principally habitat dependent, being attached to a certain floristic tone. However, 
it is well known how the separate floristic zones overlap, and how the separate 
elements may be distributed: wc may mention only the distribution of deciduous 
forest zone to the south due to its following of river valleys, etc. The dispersal of the 
aphidiids in a frame of a given zone may be high. Consequently, wc arc inclined to 
doubt whether wc can separate any subspecies to occur among the aphidiids. 
According to our opinion, there will be apparently differences on a biological race 
level only. At least the subspecies described by mackauer (sec: mackauer & stary, 
1967) in the aphidiids we consider as artificial: the examination of matetial of these 
‘‘subspecies” lias shown that they can be included in the variability range of a nomical 
form of a given species. They arc: Ptaon exoletum exoletum (nees) and Praon exoletum 
paltlans muesebeck: Tr'toxys angelicae angelicae (haliday), Trioxys angelicae medtter- 
raneus mackauer, Trioxys angelicae granaiensis QUius, etc. 

- CUNES. A dine is defined as a series of adjacent populations in which the gradual 
and nearly continuous change of a character occurs. Differences in adjacent popula- 
tions in clrncs may be ecological, morphological, physiological, etc. (mayr, linsleY 
& USINGER, 1953). 

Our knowledge docs not allow us to distinguish any clincs in the aphidiids for the 
time being. Perhaps, on a biological race level at least, wc might distinguish various 
populations of Lysiphlebus fabarum in Europe, where it seems to be biparental in the 
North, deutcrotokous in C. Europe (and C. Asia) and thelyotokous in Asia Minor, 
etc. 

- biological races. Tiicrc arc numerous indications showing the occurrence of 
biological races or strains to be common among the aphidiids. Wc can use several 
criteria to show the differences between various populations on an obviously bio- 
logical race level; 

1. Progeny. Ephedrus persicae. Uniparental thelyotokous in California and in 
Far East Asia; biparental in Europe and Canada (stary h sculinceb, 1967). 

Lysiphlebus desertorum. Uniparental thelyotokous in C. Asia, biparental popula- 
tions unknown (stary, 1965). 

Lysiphlebus fabarum. Biparental in N. Europe, deutcrotokous in C. Europe 
(stary, 1966) and thelyotokous in Israel (rosen, 1967). 

Lysiphlebus ambiguus. Biparental in C. Europe (stary, 1966 ), uniparental thclyoto- 
kous in Israel (uosen, 1967 ). 

2. Coloration. Dark and pale strains of Trioxys complanaius as a possible character 
of ''strains’' arc mentioned by v.d. 60501(1957) from Iran. According to our observa- 
tions, coloration changes in some species depending on the distribution area or on 
the seasonal period at a given area. 


3. Host specificity. This teems to be the commonest case of differences on a bio- 
logical race level in the aphidiids. 

Duaenello rapae. It attacks, besides other apluds, Drevuoryne brass, cac and Styzut 
persUae. According to ciorce (1957) tins species attacks Dr. brass, cae in England, but 
\f. pert, car is not attacked m the field, being parasitized only under laboratory green- 
house conditions, sidlac (1958) mentioned the degree of pirasmzation of M. 
pasuae 10 be Jess in comparison « nh Ur. brass, Coe in Germany. iiAttz (1 y< 5 l) obtained 
W j?V . fc ? 11 ,n \ 10 ^^hcilandt. stary (1966) gate records on the parasitization 
of U,th the aphids in the field m Czechoslovakia, broussai (jj* 6 ) found experi- 
mcn tally that when Ur. brass, car and M. petnsae were mixed in equal numbers, die 
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former species was clearly preferred by the parasite; when M. persicac was isolated, 
the degree of parasirization was the same as in isolated Br. brassicae. pimentel (1961) 
supported these observations by his independent results; moreover, relative density 
of separate species was found to influence the preference. 

Lysipltlebus testaceipcs. Aphis spiraecola : Populations of the parasite occurring in 
California were not able to complete their development when parasitizing the 
aphids (schlinger te HAtL, i960). Stary (1967) ascertained the populations occurring 
in Cuba to complete the development successfully. Acyrthosiphon pisum: This aphid 
is not attacked by the parasite in California, while heavy parasirization occurred 
in New Jersey (schlinger & hah, i960). 

Numerous cases of this type could be mentioned. 

4. Temperature. According to sohinger a- hall (1963) two races of AphtJius 
matricariae are distinguishable in California. Both the races arc introduced, but one of 
them is restricted to greenhouses and their close neighbourhood and it is unable to 
survive in the open perennially. 

5. Season, broussal (1966) recognized differences among the early spring and 
aesrival generations of Diaerelitlla rapae in France (fecundity, etc.). 

6. Diapause. Obligatory diapause was recognized in C. European populations of 
Ephedms persicae by stary (1962), but it was not ascertained as occurring in the 
populations in the Netherlands (evenhuis, unpubl. suggestion). 

- biological control. Populations of a given parasite species may exhibit various 
biological features in various parts of the distribution area. With respect to progeny, 
thelyotokous populations may be preferable for introduction. Similarly, temperature 
adaptation is important: when e.g. Aphidius traitscaspicus was experimentally intro- 
duced into Czechoslovakia, there were three possibilities of selecting a population, 
either from the subtropics (Israel), where it occurs perennially; from Tashkent, 
C. Asia, where there are severe winters and hot summers; and from the Italian 
Riviera, where winter is not severe; in the two latter cases the parasite survives the 
winter in a quiescent state. With respect to the climatic zone to which Czechoslo- 
vakia belongs, the population from Tashkent would be preferable; technical reasons, 
however, do not often permit material to be obtained from the most suitable areas. 

Evolutionary changes may occur when a species bridges a geographic barrier and 
colonizes a new region and so becomes widespread (andrewartha & birch, 1954). 
An introduction means the simultaneous bridging of a bamer; consequently, we can 
expect that introduced species will gradually develop some features distinguishing 
them from their original populations in their home. 
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Effects of Parasitization on the Host 

Parasitism is a complex historical process in which both host and parasite have 
played an active role. Nevertheless, host and parasite represent two different groups 
of organisms which show their own specific responses to the influences of environ- 
mental factors; parasitism is only a dynamic state which is a result of the pressure of 
the environment and vice versa, it has become an environmental factor that deeply 
influences both the participants of host-parasite relation; in other words, a phy- 
tophagous organism, the aphids, needed a regulation of their numbers by environ- 



cental biotic facers in the frame of a community (natural enemies, i j^AgFm- 
,J CS ) and, vtce versa, parasitism has become a necessary part of the parasite hte-cy 
during^he evolution of host- parasite relations. However -- »£ 
1 ,„„ „se. the oarasitic state in aphid parasites covers only a part oi their lire eye « 


Sites) and, vice versa, parasitism has become a necessary part 
during the evolution of host-pa 

environmmtal factors either directly (adult stage) or tlirough the responses of para 

Si n h S' town that no, every aphid species stays in a host-parasite relation 
every species of parasite. Representatives of both groups have developcd undc he 
?„fl„L cc Of governing factors of various commumt.es; they have manrfe ted 
various responses to these environmental factors which were similar or not “ _™ ^ 
degrees. This historical process has resulted m the present state when ; p 
a certain specific host range and, on the other hand, a host shows a cettam selective 
power as to its parasitization by various parasite species. , ; 

There is a basic viewpoint on the host-parasite relation in that we must dntmguish 
between the influence of parasitization on a host species (its populations) 

influence of parasitization on a host individual. va i.. e r or 

-PARASITIZATION OP HOST SPECIES. Natural enemies of insects have a gr 
the host species in contribution to the relative stability of p ytop ago 
populations, because they behave as — certainly imperfect— but somew 
*. r . . . / nnraores must be con- 


dependent regulatory agents (doutt, i960). Thus, aphid parasites must be con- 
sidered as valuable for the host species as they take part, being members of » ““ 
enemy complex, in limiting the population of the host species m various 
:ntlv Drcvcntine the destruction of a given food supp y 


nitites and consequently preventing the destruction of a given f . _ 
host population outbreak and elimination of the host species in a given com /• 

- Group effect in aphids f f Id and 

- Parasitization - bonnemaison (1948) recognized on the ground ol neia 

laboratory observations that there is a distinct group effect developed in aphids, 
gradually higher percentage of alatc aphids in a colony is partially a rc * u ",° 
effect. Predators, as they consume a certain number of aphids, cause the decrea 
of aphid numbers in a colony and consequently a decrease of influence of the men^ 
tioned effect. However, according ro our opinion, a different situation is to be °_“ n , 
in parasites. Parasitized aphids remain mostly in a colony even as dead mumrrmie 
aphids and therefore at least during a certain period, parasitization does not cause 
an immediate decrease of aphids in the colony, it may cause only a less rapi 
crease as the parasitized aphids do not usually reproduce. Thus, parasitization 
not seem to have an apparent effect on the percentage of alate aphids in a co o y 
through group effect. Naturally, we must eliminate such cases where the w 0 c 
colony becomes mummified; usually, due to host instar preference by parasite ¥+» 
a certain part of a colony remains unparasmzcd or the parasitization of aphid in 
viduals in a colony is gradual so that both live and mummified aphids are found w 
the colony. _ , 

- Intraspcafic competition in aphids and parasitization - way (1966) recognize 
experimentally that in aphid aggregations, even at a very early stage of aggreg at< - 
formation, early instar mortality increases and fecundity of adults rapidly decreases! 
the quality of individual aphids also decreases as the aggregate grows. Aphid pred- 
ators arc menuoned as benefiting the aphids if they happen to remove sufficient 
individuals to decrease competition so that the remaining aphids develop into adult* 
of better quality. Experiments have shown that the length of time before competition 
becomes important as a limiting factor is influenced by the size of the plant at the 
time of infcstacion, by the number of initial emigrants, and by the amount and rate 



of growth of the plant including the extent to which damage by the aphids limits its 
growth; these factors modify the extent to which natural enemies influence the 
aphid population, on the plant. There is a somewhat similar situation with respect 
to the parasites as in the above mentioned case. The parasites do not remove the 
infested aphids from the aggregation and do not consequently lower the degree of 
intraspcciflc competition in aphids. 

- Parasite dispersal - As parasitization cannot influence basically the group effect 
in an aphid aggregation, it can maximally cause a somewhat slower increase of the 
aphid numbers during a shorter period. Therefore, an alate aphid formation follows. 
The latter state may cause either a gradual emigration of the aphids and the parasites 
that emerge later to disperse in the neighbourhood in search of other hosts; on the 
other hand, parasitized alate aphids can also serve as agents in passive transport of 
developmental stages of a parasite. 

— Dispersal of host and parasite. PIMENTEL «c al-uahdu (1963) have shown that dis- 
persal of the host follows natural enemy (parasite) action in experimental host-para- 
site populations: severe parasite pressure caused the host population to decline and 
eventually to break up into many small colonies. If at this time the environment 
provided adequate space, colonies tended to remain separated. Consequently, para- 
sites must search more intensively to find smaller host colonies and they are forced 
to disperse more over the environment. With respect to the relation of group effect 
in aphids and parasitization, it is necessary to emphasize that in the case of PIMENTEL 
& al-hahdh there was a long-termed action of parasites on host population and 
the parasite pressure was severe; these features obscure the influence of parasitization 
on the group effect in aphids. 

- parasitization of host individual. A parasite, if it is to be useful for the host 
species as a limiting agent, must be capable of reducing a certain part of the host 
population in a given community. As a population consists of individuals, the para- 
site must be able to cause heavy injury to a certain part of host individuals. Thus, we 
may consider that there is a basic difference between a parasitization of a host species 
(population) and host spedes individuals: while parasitization is favourable for host 
speries (population), it means heavy, lethal injury to a host individual. In other 
words, death of a certain number of host individuals due to parasitization is favour- 
able to the existence of a host population in a given area. 

— Injury caused ty separate developmental stages. 1. Adult parasite ?? cause direct 
injury by puncturing the host cuticle with their ovipositors and an indirect injury 
by depositing eggs into the host’s body cavity. 

2. Egg. The parasite egg obtains the necessary nutritive substances by an osmotic 
way. Otherwise, unhatched parasite eggs exert a juvenilizing effect on the para- 
sitized host, producing metathetely (johnson, I9S9)- 

3. Larva. Instar I - III larvae feed osmotically. The newly hatched parasite larva 
diffuses into the host’s haemolymph some cytolytic secretion, which visibly affects 
the young embryos and ova of the host, while ovaries, oocytes and pseudova are 
not changed; mature aphid embryos may survive and be laid by the aphid up to the 
period when the last instar larva starts its active feeding ; this is the case of aphids 
parasitized in higher instar or in an adult stage (see: reproduction). Adipose tissue 
is attacked in a similar way (Fig. 244); as the parasite larva develops, the number of 
injured adipose cells correspondingly increases, until all the tissue in the aphids is 
involved. None of the important organs is injured during these stages of parasite 
development. Instar IV larva exhibits active feeding, it attacks all the organs and 
tissues of the host and finally kills it (spencer, 1926, Arthur 1944, mackauer 1959, 
Tremblay 1964, 1966, broussal sc gaumont 1961). Parasite larva sometimes causes 
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Fig. 244. Influence of parasitization on the host. A - normal adipose tissue ofMaao- 
siphum euphorbia e. B - adipose tissue of M. euphorbiae, parasitized by PnansmuUM 
C - normal embryo oiUpaphis pseudobrassicae, sagittal section. D - embryo ot L. pscua 
brassicae, parasitized by Diacretiella rapae (spencer, 1926). 


the premature appearance of adult characters (prothetcly) in parasitized aphids 
(johnson, 1959). 

An aphid is killed even if the larva is unable to complete its development inside a 
certain host (schlincer & hall, i960, Lysiphlebus testaceipes — Aphis spiraecoia in 
California). 

4. Prepupa and pupa occur inside or under the skin of dead mummified aphids, 
therefore, they cannot influence the host during its life. 

- Influence on the host. 1. Development. Parasitization of aphids exhibits various 
influences on their developmental physiology when compared with the non-para- 
sitized hosts. The first remarks on such differences seem to have been made by 
wlbster it Phillips (1912) who recognized that the wings of Schizaphis graminum 
aphids parasitized later than in instar II arc often imperfect. Detailed experiments 
based on Lysaphidus platensis and Aphis craccivora were undertaken by JOHNSON 
(1959, 1965). Aptcriform nymphs parasitized in all stages continued their develop- 
ment normally without undergoing any major structural changes. Aphids para- 
sitized in ins tar I were mummified in ins tar IV and a number of them showed some 
premature development of adult characters (prothetcly) having the cauda inter- 
mediate in shape between nymphal and adult types, and patches of pigment on the 
abdomen and the lateral muscle sections. Aphids parasitized in ins tar II and sub- 
sequent instars developed to maturity and the only apparent external effect of p lrl " 
miration in the resulting adults was suppression of pigment deposition on the dorsal 
surface of the abdomen and the retention of slightly juvenile pigmentation pattern 
of the head capsule. 
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Alatiform nymphs, parasitized in instar I were mummified in instar IV. Ac the 
time they died they had no alatiform structures, although the control scries con- 
sisted almost entirely of normal alatiform nymphs. The parasitized nymphs were 
indistinguishable from normal unparasitized aptcriform nymphs except that some of 
them showed some degree of prothetcly. Thus in many of them, the lateral abdom- 
inal muscle attachments were pigmented and in a few there was a rudimentary, 
cleft genital plate, a cauda intermediate in size and shape between nymph and adult, 
and some pigmentation of the dorsal surface of the abdomen. Nymphs parasitized in 
instar IV were mostly mummified as adults and in adult stage they developed char- 
acters intermediate between alatc and apterous, but in general appearance they were 
closer to the apterous form. All of them had rudimentary ocelli, and the antennal 
sensoria were cither lacking, or when present, frequently very reduced in size and 
number. The degree of wing development varied: in some aphids there was no 
trace of pterothorax differentiation, in others the shoulders of the mesothorax were 
squared and small rudimentary wing evaginations were present. The head capsule 
was of the fully pigmented adult type and most of the aphids had some pigmenta- 
tion of the dorsal surface of the abdomen. Aphids parasitized in instar III showed 
considerable variation in the extent to which alatiform structures were suppressed 
when they became adult. They all had ocelli, antennal sensoria and wing rudiments, 
but the size of the wing rudiments and the degree of differentiation of the ptero- 
thorax varied according to the time during the instar that the aphids were para- 
sitized and the number of parasite eggs that were deposited in them. All aphids that 
were parasitized in instar II failed to develop pigment on the dorsal surface of the 
abdomen when they became adult, and most of them retained some of the nymphal 
pigmentation pattern of the head capsule. As to the differences, the aphids which 
were parasitized at the beginning of instar III all had smaller and more drooped 
wingpads than normal in the instar IV, whereas the wingpads of the aphids para- 
sitized later in instar III were normal in the instar IV; in both cases the wingpads 
failed to differentiate much further at the final moult. Only in the superparasitized 
aphids was there any effect on the wingpads in instar IV ; when they became adults, 
all the superparasitized aphids had small rudimentary wingpads. In aphids para- 
sitized in instar IV, the effects on the structure of the adult cuticle caused by para- 
sitization of instar IV nymphs were less marked than the effects of earlier parasitiza- 
tion; no matter how early in the instar IV they were parasitized or how many eggs 
were deposited in them, the aphids went on to develop distinctly alate structures, 
although these were sometimes imperfect. The earlier in the instar the aphids were 
parasitized, the more extensive were the effects of para sitizauon. Similarly as in case 
of instar III nymphs, superparasitism produced greater effects than single parasitism. 
Partial starvation, resulting in retarding the development of the host and thus en- 
abling the parasite eggs to obtain a larger size before the host moulted, caused the 
increase of the effect of parasitization (johnson, 1959). 

The changes in host physiology due to parasitization were later (johnson, 1965) 
recognized to be due to the premature breakdown of prothoracic glands in these 
aphids, which correspondingly influences the hormonal balance. 

2 . Rate of development. Detailed observations of various authors showed that 
parasitization has a significant influence on the rate of host development (hafez 1961, 
stary 1962, 1964, broussal 1966, etc) (Fig. 245). Parasitization in separate instars 
has a different effect on the rate of host development : aphids parasitized in lower 
instars exhibit rather delayed development when compared with non-parasitized 
hosts, parasitization in higher irntars exhibits less influence while parasitization m the 
adult stage hardly shows any difference. 
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Fig. 245. Daily rate of reproduction of parasitized and non-parasitized Brevicoryne 
brassicar, parasitized as early adults. A-alate virginoparac, B - apterous virginoparae. 
Parasite: Diaeretiella rapae (hafez, 1961). 

3. Behaviour. One group of aphid behaviour with respect to parasitization 
represents the reaction of aphids to parasite attack and opposition. The mechanical 
reactions of the host against parasite attack were described in another paragraph 
(effects of host on the parasite, etc.). The response of the aphids to opposition is 
various. Some of the aphids exude a small drop of yellowish or whitish fluid from 
the cornicles; this was observed in Aphis fabae parasitized by Trioxys angclicae 
(eidmann, 1924, STARY 1 966) and in Mtaolophium evansi parasitized by Aphidius ervi 
(macgill 1923)* Other aphids respond by quick movements of body or legs, other 
apliids remain more or less mononlcss, etc. Usually there remains a small drop of 
aphid haemolymph at the point where the oPpositor was inserted in the aphid body. 

The second group of aphid behaviour includes the influence of the presence of 
developmental stages of parasite inside the host body. When lower instar larvae are 
present inside the host body, the behaviour of the aphid remains unchanged. When 
higher instar larva is present, the aphid manifests a gradually increasing sluggishness 
in movements. Just before the aphid is killed by the full grown larva, the aphid 
behaves m a peculiar way which is specifically dependent. In one group of aphids it 
remains in the colony and later becomes mummified. Examples: Aphis fabae, 
A. craccivora and their parasites; Cinara bogdanowi parasitized by Pauesia abietis and 
Cmmm pieeae (scheurer, 1964), In the second group the aphids in this state Jcavc the 
colony and search and then remain at various peculiar situations where unparasitized 
aphids are rarely found. For example, Acyrthosiphon pisum parasitized by Aphidius 
enn are found on the upper side of alfalfa leaves, or Cmara mhcornis parasitized by 
Pauesia picta and P piceaecolhs can be found at the tops of coniferous needles 
(scheurer, 1964). This typical behaviour of aphids which they show before being 
mummified may be considerably obscured by two circumstances: First, aphids of 
a given seasonal form behave in a certain way; they behave the same also when 
being parasitized, but it might seem that parasitization is responsible for tbit pheno- 
menon. For example, v.d. boscii, sculincer & hagen (1962) observed that Chromaphis 
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juglaiidicoh parasitized by Trioxys pallidas could be found on the bark of trees in the 
autumn ; but it was recognized that oviparous aphids seek primarily for woody parts 
of the trees to deposit their eggs in autumn irrespective of whether they are para- 
sitized or not. \Vc can confirm these observations by our own experience from 
C. Europe, where the mentioned aphids can be found on leaves in summer and on 
bark in the autumn irrespective of being parasitized or not. Second, an aphid colony 
may follow the growing parts of the plant and change its place on the plant, the 
mummified aphids arc attached to the surface and after a certain period they may 
seem to have stayed there because of seeking a special situation before being mum- 
mified ( Macrosiphim rosae — Aphidius rosae; Dactynotus — MacrosiphoiiieHa spp. and 
their parasites, etc-). 

4. Reproduction. Many authors observed that if the aphids arc parasitized in 
lower instars, they are mummified before reaching maturity and thus they do not 
reproduce; when parasitized in higher instars or m adult stage they reach maturity 
and even reproduce for a certain period before being mummified (ullyett 1938, 

ARTHUR 1944, LIVSHIC 1946, BODENHEIMER A NEUMARK 1955, VIDANO 195 9 . HAFEZ 
1961, STARY 1962, 1964, TREMBLAY 1964, SUARMA I96S, RROUSSAL 1966) (Fig. 245). 
Some records include even counts on the difference in the number of progeny of 
parasitized and non-parasitized aphids. Thus, uvshic (1946) ascertained that Aphis 
gossypii parasitized by Lysiphlebus fabariini in instar IV produced 2.7 nymphs on an 
average after reaching adult stage, adults parasitized in adult stage produced 
6 nymphs on the average before being mummified, when compared with the average 
production of 28.1 nymphs per a non-parasitized aphid. Similarly, sedlag (1959, 
1964) found that Myztts persicae parasitized by Diaereticlla rapae produced 9 nymphs 
in comparison with the maximal number of 82 nymphs produced by non-para- 
sitized hosts. 

This influence of parasitization on host reproduction depends on host instar 
preference by the parasite $ (see: host specificity). 

The action of various entomophagous parasites that attack adult insects and cause 
injury to their reproductive system is usually classified as parasitic castration. How- 
ever, there is a different situation in the aphidiids as their developmental stages 
exhibit an influence on the larval to adult reproductive organs, but this is not a 
typical castration as only a part of the system is injured by the cytolytic action of the 
parasite larva and in cases of parasitized higher instar aphid nymphs ot adults a part 
of the progeny may be produced successfully by the aphid, broussal (1966) cor- 
rectly distinguished this feature in the parasitic castration caused by the aphidiids 
and proposed it to be classified as indirect parasitic castration; it may result in a 
partial or complete destruction of aphid progeny depending on the instar attacked, 
thus, it may be partial or imperfectly total. 

5. Form of progeny. We have no data whether parasitization of an adult aphid, 
either in earlier instars or in adult stage, has an effect on the form of the aphid 
progeny produced by this individual. 

6. Coloration. It is well known that mummified aphids are easily found and 
distinguished among the other aphids in a colony as they have a different colour; 
mummified aphids are black, brownish, yellowish and even whitish; partially, the 
relative age of the mummy may play a role in the intensity of coloration. 

The coloration of mummified aphids is owing to two reasons: First, as ascertained 
by Johnson (1959, 1965) the coloration of aphid mummies may change in depend- 
ence on the host instar originally attacked as the parasitization of aphids in different 
instars can result in a various degree of prothetely and metathetely. Aphis craccivora 
parasitized by Lysaphidtis platcmis in instar I and mummified in instar IV exhibited 


187 




some degree of prothetcly — lateral abdominal muscle attachments were pigmented 
and there was also some pigmentation on the dorsal surface of the abdomen; aphids 
parasitized in instar II and mummified as adults had the head capsule fully pigmented, 
of adult type, and there was also mostly some pigmentation on the dorsal surface o 
the abdomen; aphids parasitized in instar III faded to develop pigment on the dorsal 
surface when becoming adult, and most of them retained some of the nymphal 
pigmentation pattern of the head capsule; the tergnes of aphids parasitized in instar IV 
faded to become fully sclcrotized and pigmented. 

Second, the coloration of an aphid mummy is due to the secret produced from the 
silk glands of the last instar parasite larva. The silk production and gradual coloration 
of the mummified aphid due to cocoon spinning by the larva may well be observed 
at the early period after the larva has killed its host. 

7. Shape and size. The mummified aphids can be distinguished from the other 
aphids in a colony also by their different size and shape. The latter phenomena arc 
just a result of mummification. According to Johnson (1965), changes in cndocu- 
ticlc of parasitized aphids may be observed, the cndocuticlc becoming very much 
thicker than in normal aphids due to the influencing of prothoradc glands by the 
parasite. Moreover, a cocoon of a parasite is spun inside (or under) the dead para- 
sitized aphid by the last inscar parasite larva; in extreme cases, for example in 
some obligatory diapause cocoons ( Ephedrus pcrsicae) the mummified aphids may 
be rather remarkably different from the living aphids (see: seasonal history). 

8. Longevity. Parasmzauon of an aphid causes a relative lengthening of periods of 
separate instars, but it generally means a shortening of aphid life in comparison with 
the non-parasmzcd host. This was observed by many authors (itAfEZ 1961. STARf 
1964. TRtMBlAY 1964, BROUSSAL 1 966. CtC. (Figs. Z4J, Z46). 
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9. Dispersal. Whether a parasitized aphid is able to disperse or not depends on the 
host instar preference of the parasite $ : if an aphid was parasitized in a lower instar, 
it may disperse over a plant as an aptcriform or alatiforin nymph; it is killed before 
reaching maturity and is not able to disperse off the plant as an alatc adult. Aphids 
parasitized in higher instars or in adult stage may disperse over a plant as apteriform 
adults or off the plant as alate adults (see: dispersal). 

10. Transmission of disease by parasites. Some entomophagous insect parasites 
axe capable of transmitting a disease simultaneously with the insertion of the ovi- 
positor. We have no information as to the aphidiid wasps in this respect. 

11. Paralyzation of the host by parasite. The parasitic Hymcnoptcra may or may 
not paralyze or kill their hosts prior to oviposition (doutt, 1959). We have shown in 
the oviposition paragraph that although the aphidiids apparently possess a poisonous 
gland, they do not seem to paralyze their hosts prior to oviposition in a certain way. 
- control. In aphid control, we must distinguish between parasitization of a host 
sped.es, a phenomenon which is favourable for the host, and parasitization of a host 
individual, that has lethal effects on the host individual. It is a basic problem in aphid 
control to establish the economic injury level of pest aphids. Consequently, it is 
important to known the level on which a pest may still be limited by the parasites 
(natural enemies). 

It is important in the host-parasite relations that in most cases the parasitization of 
an aphid individual results in its death, a small part of its progeny being rarely 
produced. 
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Effects of Host on the Parasite 

As soon as the aphidiids have become adapted to parasitism on aphids the host has 
become a necessary part of their environment. A host represents the closest environ- 
ment of developmental stages of the parasites. The parasite adults are not dependent 
on the presence of a host, but they must search for it to deposit their progeny and 
establish the existence of the species in the area. 

- host and parasite relations. A host is far from being a purely passive victim 
(salt, 1941). It greatly participates in a favourable host-parasite relationship and 
favourable parasitism must be considered the result of the coexistence of host and 
parasite requirements ui a given community. Two facts show the existence of such 
a relationship : on the one hand, a host species exhibits various defensive reactions 
to various parasites, on the other hand, a parasite species exhibits a certain host range. 

- Defensive reactions of aphids. 1. Mechanical reacnons. Aphids are known to ex- 
hibit various mechanical reactions as a response to parasite attack. For example, some 
aphids ignore entirely the presence of a parasite ? (Aphis fabae) and they show hardly 
any reaction when the parasite oviposits in them. Other species show feeble reaction 
to almost complete ignorance of die parasite $*s presence, sometimes moving their 
legs or even trying to escape (Megottra viciae). Odier aphid species react very prompdy 
to a parasite $ in pulling out their rostrum from the plant, running away and falling 
from the plant (Mierolophium evansi — maccill, 1923, Acyrthosiphon pistim — stary 
I 9d2, Alt urosiphum cuphorbiae — dunn 1949). Toxoptera auraiUii were observed to 



start an upward spiral movement which is performed simultaneously by all the 
members of the colony in case of the proximity of a strange object (lara & 
SHENEPELT, I9<Sl). , • 

Mechanical reactions of aphids are influenced by various factors. They change in 
dependence on temperature: aphids ate more active and exhibit a higher degree ot 
various reactions under optimal conditions, while low temperatures are responsible 
for their decrease. Similarly, rainy or wmdy weather may overrule the mechanical 
reactions of aphids to parasites as the aphids try to stay on the plant. Often ram and 
wind may be perhaps even typical of a certain zone, e.g. in Cuba where wind blows 
for most of the day and rain is common every day during the rainy season, we have 
observed aphid reactions to be generally lower. The reactions of the species can also 
change in dependence on the change of the mode of life: obligatory host alternating 
aphids may live, for example, as gall or root feeding aphids during a certain part ° 
the season. Host instar is also of importance: in lower aphid instars the mechanical 
reactions arc generally lower. Host form, either apterous or alate, can have as r 
influence. In particular cases, as in Drepaiwsiphum platanoides (kennedy 1966) even 
the adult alate aphid behaviour may change according to the occurrence or lac o 
quiescent state. r 

2. Physiological reactions of the host may influence the developmental stages o a 
parasite inside the body of a living host. These may be negligible, in case that t e 
host was infested by an adapted parasite. On the contrary, a host responds to t e 
presence of a developmental stage of an unadapted parasite by encapsulation or 
similar reactions that are lethal to the parasite (sec: unnatural host propagation). 

Contrary to the mechanical reactions of the host which arc influenced by t e 
environmental factors to a various degree, the physiological defensive reactions are 
more constant. 

j. Relation of the reactions. It seems that there is a certain complementary 
relation between the degree of mechanical and physiological reactions of the host, 
species that exhibit strong mechanical reactions have less effective physiologica 
reactions, and vice versa. Mechanical reactions serve the aphid to defend itself 
against an attack of a parasite adult, while physiological reactions come in action 
when the mechanical reactions were unsuccessful; thus physiological reactions are 
second in action and have to injure developmental stages of an unsuitable parasite 
which were deposited through parasite oviposiuon m the aphid body. This is 
perhaps the case of wilbert’s (1967) experiments with unnatural host propagation, 
of the propagated unnatural hosts of Diaeretiella rapae, Rhopalotnyzus ascalonicus 
showed feeble mechanical reactions, but strong physiological ones. 

4. Parasite adaptation. Defensive reactions of a host species against parasite attack 
may be classified as a selection of a parasite species by this host as the reactions men- 
tioned do not exhibit an influence on the adapted parasites, while they repel or 
cause injury to unadapted parasites to a various degree. According to our opinion, 
a host species exhibits such a selection because of the favourabihty of parasitization 
due to limitation of its numbers, on the other hand, it manifests a struggle for Ufc in 
preventing the infestation by relatively too many parasite species which could be 
dangerous to the existence of the given species. 

— determining role of the community. JEach community is a result of a shorter or 
longer evolutionary process. The same is true as to the relations among the member* 
of tlus community. The governing mechanism of a community and lustorical 
factors have resulted in host aphid and parasite relations of today. Free gaps in *he 
limitation of a host species have obviously played an important role in host-parasite 
relation. Consequently, weean classify the effect of the host on the parasite as a result 
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Table 8. Effect of stage of parasitized Brevicorync brassicae on the Diaeretiella rapae 
(hafez, 1961).!= apterous 11= alate. 


of historically developed complex relationship of a host and parasite governed by a 
community. 

- influence of host On the parasite, i. Morphology. The host, as a part of the 
environment to which a parasite has become adapted, has shown an influence on the 
parasite morphology. The flexible abdomen of a parasite § is an apparent functional 
adaptation that is general for the whole group of parasites. Besides, we can distinguish 
various shapes and sizes of ovipositor and ovipositor sheaths. In some species, even 
accessory apparatus has developed to enable a more successful attack on a host 
(Trioxys, Bioxys, Metaphidius ) ; the tubuliform shape of abdomen in Protaphidius is a 
similar adaptation. 

2. Rate of development. A host species does not seem to have an influence on the 
rate of parasite development. Nevertheless, according to telengA (1950) it is believed 
to be host-dependent: rate of development of Lysiphlebus fabarum was 6-8 days in 
Aphis aaccivora , but 7-10 days in Bradtycaudus cardui under the same conditions. 
The latter data must be revised as it is possible that the parasite species includes two 
species (“Aphidius cardui marshall”). 

Certain differences in the influence of different host instars on the corresponding 
rate of parasite development were ascertained by hafez (1961) in Diaeretiella rapae' 
the total rate of development was found to be slightly longer in parasitized instar I 
and II aphids (Table 8). Similarly, certain differences were found between para- 
sitized apterous and alate aphids, the parasitized alate hosts causing a longer rate of 
parasite development. Observations of broussal (1966) support these results. 



3. Size. The influence of a host species on the size of a parasite is apparent when 
we compare specimens of a given species reared from various aphid hosts: c.g., we 
have reared Ephedrus plagiator from Prodphtlus fraxini field samples in the laboratory 
and the emerged adults were rather large in size; this living adult material was trans- 
ferred to another cage to parasitize Aphis cractivora and the parasite progeny obtained 
was extraordinarily small. This may be well understood from the comparison of the 
body size of the hosts. 

Host instar also influences the body size of parasite adults, hafez (1961) (Table 8) 
recognized apparent differences between adults of Diaeretiella rapae reared from 
various host instars in the laboratory. Moreover, he also found differences between 
apterous and alate hosts (Table 8). stary (1964) obtained similar results in Aphtdius 
megpurae: parasites reared from aphids that were attacked in instar I and reached 
instar III when being mummified were distinctly smaller than those reared from 
aphids parasitized m instars II, III, IV and adult stagr, respectively. 

4. Sex ratio. Host species does not apparently have an influence on the sex ratio of 
parasites (STARY, 1964) of aphids. 

j. Behaviour. Bach parasite species exhibits a typical specifically dependent 
behaviour. This can be seen from the comparison of various types of parasite be- 
haviour. This behaviour becomes untypical when an unfavourable host is met with 
as the mechanical responses of the host arc not those expected by the parasites (see: 
opposition). 

6. Fecundity of a parasite seems to be influenced by a host species through the 
influence of host on the size ofthe parasite, hafez (1961) recognized influences of the 
parasitization in various aphid instars on the number of ovarian eggs in parasite 5 ?: 
the number of eggs was lowest in parasites reared from aphids parasitized in instar I 
and highest in parasites reared from aphids parasitized in an adult stage; this is inter- 
esting as the parasite usually prefers II - III instar aphids (Table 8); nevertheless, 
itAixz obtained opposite results in the progeny of parasites reared from parasitized 
alate aphid nymphs. 

7. Longevity. As we have mentioned in the longevity paragraph, the parasite 
adult longevity may increase in dependence on the presence of adult food. As a host 
is a producer of honcydew which is the food of parasite adults, it consequently 
influences the longevity of adult parasites too. 

8. Life history. The main peculiarities in the aphid hfe-cydc, i.c. the adaptation 
to unfavourable conditions through migration (host alternation) and quiescence have 
deeply influenced the parasite seasonal adaptation. Some parasites have developed a 
wider host range, other developed corresponding quiescent states (see: seasonal 
history). 

9. Dispersal. Parasitized aphids may live inside a colony before and even after 
being mummified by a parasite, or they leave the colony and may move to other 
parts ofthe plant. Parasitization of higher instar alate nymphs to adults results in a 
passive dispersal of parasite developmental stages to other places through aphid 
migration. 

to. Population density. Density dependence in host-parasite relations may be 
important for the increase and decrease of parasite population numbers. 

1 1 . Defensive significance of some phenomena in aphid biology. Wc find sorne- 
0pUU0nS m literature as to the significance of some phenomena in 
aphid biology with respect to parasites. Earlier authors for example considered many 
eaturcs of aphid biology to be of an obviously defensive character, nevsky (fitt?) 
can be mentioned as a representative of these authors. According to our opinion, 
these ideas were due to an incorrect viewpoint applied to host-parasite rclauonslup 



in such a way that parasitism was classified as a phenomenon unfavourable to the 
host, the latter trying to develop defensory reactions and adaptations against para- 
sites in general. As we have already mentioned, parasitism today is accepted as a 
phenomenon that is favourable for the host in limiting its numbers. There are, 
however, many defensive reactions against parasite attack developed in the host; 
this is due to regulation of the number of parasite species while there are no defensive 
reactions against adapted parasite action. 

High reproductive potential and short rate of development arc usually considered 
to be the most important defensive feature of aphids against natural enemy action 
(see also mackauer, 1959). In our opinion, the mentioned features of aphid biology 
are due to a combination of intrinsic features of aphids and favourable conditions of 
the environment ; the action of parasites (natural enemies) is due to limiting the aphid 
number to a certain level determined by the community equilibrium. 

Aphid migration. As we have shown (see: seasonal history) aphid migration 
cannot be classified as due to the escape of parasite action. 

The ability of aphids to cause galls and to live inside those galls does not protect 
them from the action of parasite species either. Gall producing aphids are attacked by 
many parasite species which reveal various degrees of adaptation. 

Wax covers are unfavourable for parasites to a various degree; adapted species of 
parasites attack aphid species that show poor or rather strong wax covers. 

The covering of plants by honeydew is far from being a defense against parasite 
(natural enemy) action. Honeydew seems to act as an attractant for parasite adults, 
as it supplies food for them. Heavy honeydew cover occurs in aphid colonies mostly 
at their decrease, parasites usually having deposited their eggs earlier in the colony; 
this can be commonly observed in nature. Moreover, a heavy cover of honeydew is 
a favourable substrate for various aphidophagous fungi under certain conditions. 

The sprinkling of honeydew does not seem to have an influence on parasite attack 
as the parasite adults attack the aphids from different sides. 

The jumping of aphids does not mean an escape from parasite action either. Wc 
know a number of parasite species that are specialized in attacking just these aphids. 

Flattened shape of aphid body: practically, all the aphid groups that exhibit various 
degrees of flattening the body are attacked by the aphidiids, with the exception of an 
extreme case, Cerataphis sp. However, even in the latter case, the aphids are attacked 
by another group of parasites. 

Dispersal. The dispersal of aphids over a plant or area may or may not prevent the 
aphids from being parasitized. In some parasites it may mean a temporary escape from 
parasite action, as they are not able to find small or middle-sized aphid colonics. 
Other parasite species may find even highly dispersed hosts as they have a strong 
searching capacity. 

- control. A corresponding viewpoint must be applied also in aphid control prin- 
ciples. A host must be considered as a necessary part of parasite environment; the 
dependence of parasite on the host is different m various stages of parasite life. A host 
exhibits an active influence on the parasite as well. The effect of host on the parasite is 
the result of a historically developed complex relationship of a host and parasite 
governed by a community. 

references, zo, 21 -2, 165, 198, 283, 290, 301, 339, 353, 365, 367, 376. 42t, 476-8, 
614, 615. 618, 650, 657, 679, 681, 685, 817, 854, 872, 964-72, 975, 1037, 1077, nor, 
nit, 1121, 1125, 1162, 1189, 1 229, 1276, 1304-3. 



Parasite Adaptation 

The development of parasite adaptation is a rather slow and long process. It started at 

ditf period when thea, .castors of the recent aphrdiid, began to adapt themselvm 

pararimm on aphids. Todays features of the parasite adaptauon as a whole arc a 

dynamic result of .Ids process. During this process, the host has 

part of parasite environment during a cer.am period of the parasite s life 

quendyfthe parasite is much more dependent on I the, occurrence of he host to 

vice versa: a parasite needs obligatorily a host while a host may 

numbers by other natural enemies .hat can replace each other in ^tu"lly, 

this is the basic schcmatical relationship. The evolution of host range of a paras ate ha 

enabled the parasite to be dependent on a host, bur this host may be represented by 

SC ^The aphiddds, being typical parasitoids. arc attached to the host during a certain 
period of their life. A laid egg and larva are fully dependent on the host s pr. 
this dependence is less in prepupa and pupa, while the adult occurs a / 

although it is attached to the host through ov.posu.on possibility. These factor 
pa, ante biology have exerted a basic influence on parasite adaptation. The add, stage 
is the most important as the parasite cannot survive in such an cnvironmcn , 
can develop in an aphid but cannot occur as an adult; thus the rcqmrcm ‘ t 
parasite add, ate the most typical for .he parasite species of popuU'Kin 
general requirements of a parasite species may be partially obscured by the rnflu^ i 
of the host. We must stress that a host is a part of the parasite mv, ' on ”™‘ , . 
secondary significance with respect to the adult stage of a parasite. A P 1 
first influenced and must exhibit an adaptation to the abiotic influences of. the 
ment ; only after such adaptation has developed, the parasite is capable of s 6 

a given environment successfully. Naturally, we cannot separate both these pr 
in nature, i.e. the adaptation of a parasite to abiotic environment and adaptati 
the host as a part of the biotic environment, as these processes arc complex in acti • 
However, just here wc can recognize the specific differences between the host an 
parasite as separate organisms. The same environmental conditions influence t c os 
and the parasite to a different degree, consequently, the host and parasite may not e 
equal as to their distribution. A great number of cases could be mentioned as a P ro ° 
of this: wc can often find in nature that the host and parasite exhibit various distri- 
bution areas (see: Distribution). Strictly specialized parasites, generally, cxhi n a 
closer adaptation to the requirements of the host, while a wider host range enab cs t e 
parasites to cover even a greater distribution area than that of the host. 

- PARASITE ADAPTATION IN SEPARATE DEVELOPMENTAL STAGES. A laid Cgg and iarV 
instars live inside the host's body. They cannot occur outside a host and thus t ey 
show the greatest degree of adaptation. Decreased size of eggs as well as the reduction 
or absence of the yolk arc apparent adaptations due to parasitic hfc. Similarly, t c 
larvae arc adapted to the parasitic life both as to their shape, respiration, excretion, 
and manner of feeding. The prepupa and pupa exhibit less dependence on the nos . 
They occur inside or underneath the host body skin inside a cocoon that was spun Y 
the last instar larvae. The adult parasite is a free insect and has no direct dependen 
on a host at all. How ever, a host’s hone) dew is the food of the parasite adults. Further, 
the parasite adult ? must find the host and deposit her eggs inside the host’s body to 
secure the existence of the spcacs . consequently, various adaptation in host specificity 
and oviposition behaviour can be found in parasite $$. 

- kinds of parasite adaptation. Parasite adaptations to the host may be recognized 
in many features of parasite biology. They are separated into the three following 
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groups altogether, all of them are, to a certain extent, connected with eacli other. 
We have dealt with the adaptations only schematically here as they are mentioned in 
separate paragraphs in more detail. 

- Morphological adaptation. These adaptations are best seen in the parasite adult ??. A 
flexible abdomen, shape of first abdominal tergite, shape of abdomen, shape of the 
ovipositor sheaths and even the accessory prongs enable the $ to attack the host more 
successfully. Sexual differences resulted also in morphological differences in the shape 
of the abdomen of?? and 00, respectively. A parasite egg may temporarily change its 
shape when deposited, as the diameter of the ovipositor is less than that of the egg. 

The shape of the parasite larvae of different instaxs is an adaptation to a gradually 
more restricted space inside the host’s body; the first instar larvae arc much less 
arcuate in shape than the final instar larvae, as the latter are rather large and finally 
cover the whole inside of the host’s body. 

- Ecological adaptation. Practically, all the factors that influence the host specificity of 
the parasite may be classified as an adaptation of an ecological kind, an adaptation to 
the environment as a whole and adaptation to the host as a part of tliis environment. 
While the first phase (habitat finding) of the host specificity process is not dependent 
on the host, further phases are partially an adaptation to the host: a parasite must be 
capable of finding hs host in a favourable microenvironment, of occurring in a favour- 
able period and of developing such adaptation that would allow it to survive the 
period when the host is absent. Then, oviposidon behaviour is a result of a strong 
adaptation of a parasite to the host. 

- Physiological adaptation. Generally, a parasite must adapt itself to the environment 
of the host’s body in two main directions: First, it must be immune to the influences 
due to the host’s organism : immunity is a result of a rather long and slow process in 
nature. Second, it must feed on the host in such a way as to not cause injury to the 
host’s vital tissues earlier than before it has finished its larval development. 

references. 161, 1 66. 2ii, 247, 290, 688, 701, 719, 954, 1003, 1005, IIII, 1121, 
1125, 1163, 1219. 


Host Adaptation 

Various opinions occur on the host-parasite relationship and the role of the host in 
this connection: on the one hand, the host is believed to be the passive victim of the 
parasite, on the other hand, the host is believed to exhibit an adaptation to enable the 
attack of a given parasite. As to the latter case, for example burnett (1949) believes 
that host and parasite show mutual adaptation for the preservation of the system 
(see: doutt 1959). Similarly, txnc, holdaway & chiang (1966) classify parasitic 
relation established in nature as involving both ecological and physiological adaptation 
between the host and the parasite: on the part of the host, there is a Uckof immunolo- 
gical reactions and adequate nutritional supply. 

We have mentioned earlier that doutt correctly classified parasitism to be useful 
for the host as well, as it means the limitation of host numbers, thus preventing over- 
population and heavy injury to the basic food supply of the host. However, in our 
opinion, there is no doubt that parasite adaptation is much closer than that of the host : 
an aphid parasite cannot occur in nature without the presence of its host, the host, 
however, is capable of doing so. We believe that a host species does not adapt itself 
to a given parasite spedes, but exhibits specific and active selective ability that enables 
it to allow only a certain number of parasite species to attack it and partially reduce 
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iu population in a given community. Tims defensive tcscuons 

lological) in a lion do not teem to be an adaptation to the parasite binaroitlt of 

speafte features of the lion to which a certain parasite had to adapt tnd£ A» 

seems to exhibit the same mechanical defence against all the patasttc species tftl W 

attack tt, but some of the parasite species have become well adapted 

such ahost successfully; the same is apparently true as to the 

We have observed that a given host species may or may not be attacked by p 
in various communities. Physiological and l ecological features of. 1 m bos. m^that 

is attacked in a community by a number of natural enenues, whi rl, repla ce ea h oh 
in action, the community cqutltbrinm beutg the governing mechanism Thuj n. ts 
apparent that to occur as a member in a given common,. y a gtven host pecte. aUo»s 
ascertain natural enemy (parasite) species to attack it and to reduce . populanon 
numbers. As host-parasite relation is mtpottan. for boll, the participants. t > t > 
preserve the system; the selection of the parasite seems to be the t quo non ‘ >f dtehost 
and parasite relations, the degree of parasite attack ts determined by ^ 

The parasites arc basically habitat dependent and tlicir dependence on t g 
various; they may attack several host species in this habitat and in such a case Uwy ar 
not strictly dependent on the occurrence of one of these host specicsm a 
or they may be strictly specialized and then arc dependent and acbptcd to the 
history of the host to a high degree (see: seasonal lustory. host specificity). 

REFERENCES. 166 , 29°. 6*5. 954. 1219* 


Host Classification 

With respect to host-parasite relations the host apliids can be classified from different 
points of view. . . 

- Host preference, i . Main host. It is dearly preferred by the parasite in a given g 

^ 2. Alternative or subsidiary host. Such a host is parasitized occasionally, to a lesser 
degree than the main host in a given geographic area. 

3 . Facultative host. It is parasitized only exceptionally. 

Extensive material of samples from a given area must be taken into consideration 
before such a host differentiation is made with respect to a parasite species in the given 
area. Moreover, there can be geographic and seasonal variation. , 

- State of host-parasite relationship. Generally, certain hosts arc known to be attac 
by certain parasite species in a given area. Such a state occurs in nature, it is a tact, so 
that such a host has to be called a "factitious host”. Nevertheless, there is another case, 
when another host sperics exhibits almost identical features as the factitious hos , 
however, due to gcograpluc or other barriers, the given parasite species is unable to 
parasitize the aphid mentioned, although there exists the theoretical possibility o 
such a relationship. This host, therefore, must be called “potential host” (pavlovskiJ. 
1946 )- , . 

The above mentioned classification is rather important for a parasite mtroductio 
program when planning the introduction of separate species with respect to 1 the 
faurustic complexes of parasites and the occurrence of pest aphid species controlled, 
vicariancy is a rather apparent example. 

- Host parasite relationship in phytogeny. In some cases of apparently close host- 
parasitc relationship, we may classify a certain host aphid as a “phylogcnctical host 
of a parasite species. Naturally, such a viewpoint must be understood m a dynamic 



way; all the host species arc undoubtedly also phylogcnctical hosts as all of them 
played a role in the evolution of a parasite species, although such a role was of a 
smaller or greater significance. The term “phylogenetical host” is perhaps better to 
use in cases of apparent close host-parasite relationship in phytogeny as it may be 
derived from their recent relations. 

- Parasite complex of a given host in a given area. In many cases two or more parasite 
species are often known to attack the same host in a given area. According to 
christmann (1953), such a host is called a “mutual host” with respect to the parasite 
species, contrary to a “differentiated host”, which is parasitized by a single parasite 
spedes in a given area. 

- Human activity. Biological control research has shown certain parasites to be effec- 
tive in the limitation of certain aphids. However, in many cases the hosts of these 
effective parasites established in nature were not found to be of economic significance, 
and research workers have tried to propagate other host apliids — the pests as new 
hosts in the laboratory and later in the field as well. The result — the original host 
aphids were classified as natural hosts, while the new hosts were mentioned as 
unnatural hosts. 

When wc have in mind the evolution of host-parasite relarionslup it is apparent 
that many aphids have also become unnatural hosts of parasite spedes through the 
spread via man's economy, etc. It would seem perhaps better to preserve the term 
“unnatural host” for the case of purposeful propagation of an aphid spedes as a new 
host of a given parasite. In case that laboratory host propagation is useful in the field 
as well, such a host becoming “natural” in this way, the origin of such a host has to 
be noted in the host list of the given parasite spedes in a similar way as the purposeful 
introduction of a parasite by man into a given area. 

REFERENCES. 194, 696, 865-6, 984, 1 1 1 8, X I25. 

Parasite Classification 

Parasitococnosb is an association of organisms that inhabit a certain host (pavlovskjj 
1964). The aphid and parasite relationship is simple, representing one of its parts only, 
nevertheless., further members of aphid-parasite association, such as hyper-parasites 
nuke the relations more complicated. 

Various relations are known to occur, however, among various larvae. 

- Primary parasitism. This is the relation between host aphid and a single parasite 
larva. Example: Aphidiid parasite larva of A-spedes present in a host aphid. 

- Superparasitism I. In this case of relationship two or more primary parasite larvae 
of the same parasite spedes may be found in a single host aphid. Example: Two or 
more primary parasite larvae of an aphidiid A-spedes present in one host aphid. 

- Multiparasitism L In this case two or more larvae of two different spedes of 
primary parasites may be found in one host aphid. Example: two or more primary 
parasite larvae of aphidiid spedes A and B or another primary parasite spedes, present 
in one host aphid. 

- Hyperparasitism lor secondary parasitism. In this case, a primary parasite larva and a 
secondary parasite larva arc present in one host aphid. Example : Primary parasite 
larva of aphidiid A-spedes and a secondary parasite larva of A-speaes, thelatter being 
dther an external or internal parasite, present in one host aphid. 

-Hyperparasitism II or tertiary parasitism. In such a case, primary parasite larva, 
secondary parasite larva and tertiary parasite larva may be found in the same host 
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aphid The tertiary parasitism is caused by the relationship of internal and external 
hvperparasites, the latter being then in parasitic relationship to secondary parasi e 
laevae. Example: Primary parasite larva of aphidud A -species, secondary P ar ^| 
larva of A-spccies and tertiary parasite larva of A-spccics present in one host ap 

- HwcrparalUtetH l-sapirp«milum II. This is a case when two larvae of the same 
species of secondary parasites arc present in the same larva of primary parasite in one 
host. Example: Primary parasite larva of apludlid A-spccics, secondary parasite larva 
of A-spccies, and two or more tertiary parasite larvae of A-spccics present in one ap 

- Hvperparaiitism I - muhiparasitism II. In this case, one primary parasite larva, one 
secondary parasite larva, and two or more tertiary parasite larvae of different speaes 
occur in a host. Example: Primary parasite larva of aphidud A-speacs, one secondary 
parasite larva of A-spccics, and tertiary parasite larvae of A and B-spccics present 

- Hyperparasitism 1 - superparasitism II -multiparasitism III. In this complicated case 

one primary parasite laxv?, two or more secondary para site larvae of the same speaes, 
and tertiary parasite larvae of different species arc present in one host, xamp 
Primary parasite larva of aphidiid A-spedcs, secondary parasite larvae of A-spccics, 
and tertiary parasite larvae of A and B-spcdes in one host aphid. , 

-Hyperparasitism I - multiparasitism II - multiparasitism III. Such a comp ca c 
case occurs if there arc present a primary parasite larva, two or more larvae of sccon , 
ary parasite larvae of different spedes, and two or more tertiary parasite iarw tem 
different spedes in one host. Example: Primary parasite larva of aphidud " S P C ° ’ 
secondary parasite larvae of A and B-spcdcs, tertiary parasite larvae or A ana v 


- Hyperparasitism I- multiparasitism II - superparasitism III. Here primary paras 
larva, two or more secondary parasite larvae of different spedes, and two or mor 
larvae of the same tertiary parasite spedes are present in one host. Example: Primary 
parasite larva, secondary parasite larvae of A and B spedes, tertiary parasite larvae o 
A-spedcs present in one host aphid. 

-Hyperparasitism I - superparasitism II - superparasitism III. In this case, primary 
parasite larva, two or more secondary parasite larvae of the sarr>'- «m*cies. and two or 
more tertiary parasite larvae of the same spedes arc present 
Primary parasite aphidiid larva of A-spccies, two or more sccon 
A-spcdes, and tertiary parasite larvae of A-speacs present in a host aphid. 

Some ofthe possibilities mentioned above arc of theoretical value; wc know, how- 
ever, of true examples up to the case of tertiary parasitism. Further possibilities are 
believed to be obtainable through laboratory experiments. Theoretically, even more 
combinations are possible, in multiparasitism and superparasitism. 

- parasites - paras itoids. doutt ( 1959 ) has correctly mentioned that entomo- 
phagous Hymcnoptera dificr from the real parasites in many ways, so that the term 
“parasitoid” is proposed in order to distinguish both the groups. The main characters o 
parasitoids arc as follows: 

(a) The development of an individual destroys its host. 

(b) The host is usually of the same taxonomic class, i.e. Insects. 

(c ) In comparison with their hosts, they arc of a relatively large size. 

(d) They are parasitic as larvae only, the adults being frcehving forms. 

(e) They do not exhibit hctcroeasm. 

(f) As a parameter in population dynamics their acnon resembles that of predators 
more than of true parasites. 

The aphidiids fully fit in with this classification, representing therefore typical 
parasitoids. Nevertheless, in our opinion, equivalent terminology would be necessary 


in a host. Example: 
dary pzrasite larvae of 
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with respect to various kinds of parasitism, etc., in addition. For this reason, aphidiids 
are mentioned as “parasites” in our book, although the term “parasitoid” is believed 
to be well justified. 

-subcategories of parasitism. According to sweetmann (1958) various aspects 
may be applied when classifying different subcategories of parasitism. 

(a) According to the kingdom to which the parasites belong, they may be either 
phytoparasites or zooparasites. 

The aphidiids are typical zooparasites. 

(b) According to the feeding site, parasites may be either ectoparasites (external 
parasites), or endopirasites (internal parasites). The aphidiids are endoparasites during 
their development, except for the adult stage. 

(c) According to adaptation, parasites maybe obligatory, facultative, or incidental. 
The aphidiids are obligatory parasites of aphids during their development except for 
the adult stage. 

(d) According to succession of attacks, the parasites are either primary parasites or 
byperparasites. The aphidiids are primary parasites exclusively. 

(e) According to intensity of attack, simple parasitism and mulriparasitism arc 
distinguished. The aphidiids are typical simple parasites, multiple parasitism being 
found temporarily and resulting through competition, either inter- or intraspecific, 
again in simple parasitism. 

(f) According to number of host species attacked. Usually, three types of parasitism 
are recognized: monophagous, oligophagous and polyphagous. Our studies on the 
host-specificity of aphidiids have shown that such a scheme is not suitable for the 
classification of the aphidiid wasps (stary, 1964). The differentiation of the parasites 
into separate types instead of the above mentioned scheme has been used, being 
based on the relation of a parasite to a certain host species or host species group (for 
details see host specificity). 

(g) According to number of hosts suitable for development, monoxenous and 
lieteroxenous parasites arc recognized. The aphidiids are typical monoxenous parasites. 

(h) According to number of parasites on or inside the host, solitary and gregarious 

parasites are distinguished. The aphidiids are solitary parasites. Although gregarious 
parasitism is commonly found among the parasitic Hymenoptcra, the apparently 
restricted space and food sources represented by a single host aphid, as well as the 
relative larv,e size o£ an. aphidiid., are appateady nba. main. 'nhy ppegariana 

parasitism is not found among the aphidiids. Even in cases of the occurrence of two 
or more larvae inside a single aphid host due to super- and multiparasitism, compet- 
itive relations originate and only a single larva remains as a consequence, represenring 
a practical proof of restricted environmental conditions by the host body size. 

(i) According to the stability of infestation, permanent parasites and periodical or 
temporary parasites are distinguished. The aphidiids are typical periodical parasites, 
their adults exhibiting a free and non-parasitic mode of life. 

(j) According to the tissues or organs attacked, parasites are distinguished into 
organotrophic or htstotrophic groups (christmann, 1953). The aphidiids may not be 
differentiated into such groups, getting both on organs and tissues of their hosts, 
although one type of feeding may be prevalent over the other one during the parasite 
larva development. 

REFERENCES. 29, 184, I94, 2X1, 28j, 290, 294, 419, 421, 456, S06, 866, IIl8, 1125, 

1163, 1303. 


199 



Aphid Groups and Their Parasites 


Aphid, a. the hosts of parasites represent an important part of the environment as 
the parasites spend all their developmental period up to adult stage inside the b od ie s 
of their hosts. Consequently, relationship of different aphid groups and their parasites 
is a rather important subject in the research of parasite biology. We have .mentioned 
the factors that influence these relations in the host specificity paragraph. The present 
one is to show those detailed relations between the separate groups of host and para- 
site as well as the relative values of taxonomy and ecology. . . r 

- TAXONOMIC CROUPS OF aphids. It is difficult to classify the exact re ations 
separate aphid groups and their parasites on the basis of world fauna as our know - 
edge is not equivalent in various parts of the distribution area of the family, 
reason, we have mostly used for this classification only such areas where we are more 
familiar with the fauna. In the classification of aphids the system used by shaposii- 
nikov (1964) has been followed. 

- Adelgoidea. The whole of this group is not attacked by the aphidiid parasites, 
biology of this group, which shows rather ancient features and numerous com- 
plications, has apparently been unsuitable to the parasites both in earlier an re 
times. As we will show in the phylogeny chapter, the aphidiid parasites have a pc 
to parasitism on the aphids not earlier than when the Adelgoid and Aphidoid gr • P 
were separated. The parasites have adapted totally to the parasitism on t c p 
aphids. This adaptation has apparently the same features both in the past and pres , 
as we arc not aware of any secondary adaptation of parasites to parasiusm on 
Adelgoid aphids, although some of the biological features of this group arc similar 
to those of the Aphidoid aphids (galls) and consequently a secondary adapta 1 
could theoretically be found. . 

- Adelgidae, Phylloxeridac - The first family is associated with coniferous, tfte iau« 
with deciduous trees. No aphidiid parasites are known. 


- Apmaowea . . . . , 

- Pemphigidae - This group, which is a very ancient one as to its origin, mclu e 
both holocyclic monoecious and dioecious species, anholocycly is also known. 
They cause various galls on their main host plants, obligatory host alternation is 
connected with the attack of various herbs or even trees, where the aphids ive 
mostly on roots, rarely on parts of plants above ground. 

Apparently rather ancient and specialized genera may be found among some 
parasites that attack some of the gall aphids: Monoctonia pistaciaecola attacks Pem- 
phigus and For da species and exhibits rather close adaptation to the host life history 
(see: seasonal history). Areopraott tepelleyi attacks Schizoneura species and even 
Eriosoma lanigerum, the latter case being apparently a secondary adaptation ot t 
parasite as the aphid has been introduced into Europe. 

The gall aphids are also known to be attacked by widely specialized parasites 
(Ephedrus plagiator — Asiphum, Schizoneura, Prociphtlus; Ephedrus persicae — Thecabtus). 
On the secondary host plants, the root aphids are commonly attacked by widely 
specialized Paralipsis enervis ( Byrsocrypta , Forda), the above ground aphids may DC 
parasitized by widely specialized Lysiphlebus fabarunt (Pemphigus). . 

- Lachnidac - This is an ancient aphid group which was associated previously with 
conifers, some groups have secondarily adapted themselves to deciduous woody 
plants. 

All the parasites attacking the Lachnidac represent a strictly separated group from 
other aphidiid parasites. 

The Cmarine aphids, which arc associated with the conifers, are generally attacked 
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by various Pouessa species, which exhibit various degrees of specificity- Metapkidius 
aierrimus seems to show similar features. Protolachuus (Parasites — Diaerctus lcucoptcrus, 
Praott bicolor) exhibit specialized parasites, the same as Schizolachnus (parasite: 
Paucsia unilachni). 

The Lachnids associated with deciduous trees are parasitized by specialized para- 
sites. Stoniaphis (ProtaphiJius species), Tubcrolachmis (Aphidins saliguac), PterochloroiJes 
{Pauesia chlorata), Macnhlachutts (Pauesia maculolachm), Lachntis (Lachuis tropicah's 
— Pauesta tropicalis, L. roboris — no parasites). 

No parasites are known to attack the Traminc group, which includes the anholo- 
cydic species that occur on roots of various herbs and has a close association with 
ants. In our opinion, we can expect them to be attacked by Paralipsis cnervis, which 
is a widely specialized parasite of various root aphids. 

- Mindaridae - This ancient apliid group is known to be attacked by apliidiid 
parasites which attack Lachnidae, but the records must be verified. 

- Anoeciidae - This ancient aphid group is associated with deciduous trees. Oblig- 
atory host alternation occurs and secondary host plants are various herbs (Gramineae). 

Species of this group are attacked by widely specialized parasites: Lipolexis gracilis 
on primary host plants; Paralipsis enervis and Aclitus obsnmpcmus on roots of the 
secondary host plants. The range of the latter species is not sufficiently known, but 
it seems to be specialized in a similar way as the earlier mentioned species to para- 
sitism on various root aphids. 

- Phloemyzidae - No aphidiid parasites of this group are known. 

- Thelaxidae - This is a typical forest aphid group, associated with deciduous woody 
plants. Thelaxes is attacked by the specialized Lysiphlebus thelaxis. Glyph ilia is para- 
sitized by the less specialized Aphidius sicarius, which attacks other aphids associated 
with Berula. 

- Greenideidae - This aphid group is restricted to subtropical and tropical areas of 
south-east Asia. The parasites attacking the Grecnideid aphids are rather differen- 
tiated from parasites of other groups and manifest strictly specialized host range 
restricted to the Greenideidae. Greeuidca fcicola is attacked by Archaphidus greenideae 
and Trbxys ( Fissieaudits ) confucius. 

- Honnaphididae - The shape of body, wax covers, etc., as extreme modifications 
in aphids resembling the coccids, resulted in this aphid group mostly not being para- 
sitized by the 3 phi diids.Cerc/ap/iu* which is distributed in the tropical belt.exhihitstaa 
a cocridoid type of body, so that its species are not attacked by the aphidnds at all. 
Morpho-ecological resemblance of these aphids to cocads is also apparent from 
their parasitism by some chalcids that mainly attack the aleyrodids, coccids, etc. 
Oregma — this is a similar case, nevertheless, Ltpolcxis oregmae is known as a parasite 
of one of the species from tropical Asia, besides the chalcids. 

- Callaphididae-This is a very ancient aphid group. No obligatory host alternation 
occurs, only facultative host alternation is known. The members of this group may 
be more or less kept as indicators of certain floristic zones. Their parasites are 
strictly habitat dependent and mostly restricted to this group exclusively, while 
the widely specialized parasites ( Ephednis plagiaJor, Lysiphlebus ambiguus) attack this 
group relatively rarely. 

We can distinguish several groups of aphids and associated parasites as follow, 
two of them are satisfactorily known. 

Deciduous forest group (western Eurasia): Symydobius, Betacallis, Euccraphis, 
Phyliaphis , Tmocallis, Tubcratloides, Bctulaphis, Calaphis, Callaphis , Plerocallis, Eucal- 
lip/crus, Chromaphis, Myzocallis, Drepatiosiphuitt, etc. Among the parasites of this 
group wc can distinguish relatively widely specialized species, which attack a great 



pact of Callapliidids in forest habitats [Praon fiavinodc, Trioxys pallidas); somewhat 
less specialized is Aphidius stearins ( Betulapkis , Calaphis, etc.). Strictly specialized 
parasites represent the tliird group: Trioxys phyUaphidis(Phyllaphis), Trioxys hortorum 
(TtiiocaUis), Trioxys betulae (Symydohius), and parasites of Drepaucsipltuin [Dyscritulus 
planiccps, Monoctonus pseudoplatani, Trioxys cirsif). 

Deciduous forest (Far East Asia) group is represented by Bioxysjaponicus, Trioxys 
lutcolus [Shlvaphis sp.), Praon glabrum [Euceraphis), but so far is not satisfactorily 
known. 

Steppe group (western Eurasia) is represented by the following aphid groups: 
Therioaphis , Izyphya, Thripsaphis, Saltusaphis, Bacillaphis. Most of them are attacked 
by the strictly specialized Trioxys species, to a lesser degree by Praon species (Therie- 
aphis). Diaeretellus macrocarpus is widely specific in the frame of the group [Iziphya, 
Bacillaphis, Thripsaphis). 

Tropical rain forest (Neotropical region) is almost unknown. We found a rather 
primitive Callaphidid aphid, Ncolizerius sp., to be parasitized by Pseudephedrus 
neotropicahsin the tropical cloud forest zone in Cuba. The parasite seems to be strictly 
specialized. 

- Chaitophoridac — This is also an ancient aphid group. No obligatory host alterna- 
tion is developed, only facultative host alternation occurs. Parasites arc strictly 
habitat dependent and associated with different groups of their hosts. The Chait- 
ophorid aphids ate, in general, poorly attacked by widely specialized parasites 
(Ephedrus plagiator — Chaitophorus sp., Sipha jlava— Lysiphlebus testaceipes). 

Forest aphid species include two groups: Chaitophorus are attacked by strictly 
specialized Lysiphlebus salicuphis, which seems to be distributed all over the area of 
Chaitophorus distribution, although it attacks different species in various parts of the 
area. Periphyllus aphids arc attacked by the specialized Aphidius setiger (Europe), 
A. areolatus (Far East Asia) and Trioxys fakatus (Europe). 

Steppe aphid species arc represented by the Atheroidinc group ( Laingia , Alheroides, 
Chactosiphella, Sipha, Caricosipha). Lysiphlebus arvicola seems to be relatively widely 
specialized in the frame of this group {At hero ides, Sipha). 

- Aphididac - Tliis is the youngest group as to the evolution of aphids, which has 
covered a number of different zones and habitats during its evolution, attacking a 
great number of various plants. Both obligatory and facultative host alternation 
occurs. 

The Pterocommatinac subfamily, associated with certain deciduous trees, i* 
attacked by the strictly specialized parasite Aphidius cingulatus ( Pterocomma species). 

Among the parasites that attack the subfamily Aphidinac we can distinguish all 
the types of host range known m the aphidiids. Although we have tried to deal with 
the separate groups of the Aphidinac, it seems preferable to mention the main 
representatives of the parasites to show their host specificity range, which covers 
the aphid groups to a different degree because of host specificity determining factors. 
Wc^ have used only the European fauna to illustrate the relations (see STA8Y 1968). 
A similar review may be obtained on the basis of other faunas; however, separate 
parasite species may exhibit other features m their host specificity range in other 
areas (see: Geographic distribution). 

Ephedrus tcrastcola. - Macrosiphina: Myzus cerasi. 

Praon necans. - Rhopalosiphina ■ Rhopalosiphum nymphaeae 
Praon rosaeuU. - Macros, phina : Macrosiphum rosae 
Aphidius caraganae - Macrosiphina Acyrthosiphon caraganae. 

Aphidius equiscticola. - Macrosiphina ■ Sitobium equiseti. 

Aphid, u, hortensis. - Macrosiphina Lsosomaphis bcrbertdss. 
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Aphidius mcgourae. - Afacrosiphina: Mcgoura viciae. 

Aphidius mirotarsi. - Macrostphina : Mtrotarsus cyparissiac. 

Aphidius phalangomyzi. - Macrostphina: Phalangomyzus obloitgus. 

Aphidius sonchi. — Macrostphina: Hyperomyzus lactucae. 

Lysiphicbus hirticornis. - Afacrosiphina : Afctopcunon fitscoviride. 

LysipMebus melandriicola.— jinurapfiiifiiui: Brtsc/iycaiuitu tydmiiis. 

Monoctonus ncrvostis. — Afacrosiphina : Impaticntinum balsa mines. 

Trioxys auctus. - Rlwpalosiphind : Rhopalosiphum oxyacanthac. 

Trioxys genistae. - Aphidina : Aphis genistae. 

Trioxys glabcr. — Aphidina : Aphis galii-scabri. 

Trioxys humuti. - Macrosiphiua : Plwrodott humuli. 

Trioxys macroceratus. - Aphiduta : Aphis podagrariac. 

Trioxys jxmiumiats. - Macrostphina : Ttfattojip/wn artcmisiac. 

Trioxys parauctus. — Macrosiphiua : HyaJaphis sp. 

Trioxys spiiiosus.— Liosontaphidina : Sctniaphis dauci scsclii. 

Praon pttbesccns. - Macrosiphiua : Nasonovia nigra. N. ribisnigri. 

Aphidius absinlhii. — Macrosiphiua : Macrosiphoniclla absinthii, M. arlcmisiac, M. kauj- 
ntaitni, A I. nnliefolii, M. ptilvcra, M. sejuncla, M. stager i, M. xeranthemi. 

Aphidius hieraciorum. - Macrosiphiua: Nasonovia nigra, N. piloscllae, N. ribisnigri. 
Aphidius nigresccns. — Macrosiphiua : Aulacorthum gcranii, A. spp. 

Monoctonus angustivalvus. — Macrosiphiua : Nasonovia nigra. 

Motioclotuis crepidis. - Macrosiphiua : Nasonovia nigra, N. piloscllae, N. ribisnigri. 
Trioxys acalephae. - Aphidina : Aphis craccae, A. cracctvora, A. cytisorum, A. euphorbiae, 
A. j abac, A.farinosa, A. icfoci, A. mordwilkiana, A. nasturtii, A. nibonmi, A. salviae, 
A. spiraephaga, A. urticata. 

Trioxys lettfer.- Liosontaphidina: Cavariclla aegopodti, C. archangelicae. 

Ephedrus campestris. - Macrosiphiua: Dactynotus acitcus, D. cicliorii, D. inulac, D.jaccae, 
D. niurahs, D. obscurus, D. picridis , D. sottchi, Macrosiphoniclla absinthii, M. nnliefolii, 
M. sanborni, M. tanacetaria. 

Ephedrus minor.— Liosontaphidina: Myzaphis rosarum, Passcrinia tctrarltoda. 

Praon absinthii. - Macrosiphiua : Macrosiphoniclla absinthii, M. millcfohi, M. tanacetaria, 
Plcotrichophorus sp., Titanosiphon arlcmisiac. 

Praon dorsal c. - Afacrosiphina : Acyrthosiphon pisuni, Dactynotus campanulae, D. carlhanti, 
D. cicliorii, D.jaccae, D. linariae, D. obscurus, D. sonchi, Paczoskia major, Megoura viciae. 
Aphidius avcnac. - Macrostphina: Sitobium avcnae, Sitobium granarium. 

Aphidius ervi. - Afacrosiphina : Aq'rthosiphon piston, A. caraganac, A. sparlit, A. super- 
bunt, Afacrosiphuni rosac, Aficroiophium ei ’ansi. 

.Apfoiriijis/Dnebris. - Macrosiphiua: Dactynotus acneus, D. achWcac, D. campanulae, E>. 
cicliorii, D. picridis, D. sonchi, Paczoskia major. 

Aphidius loniccrae. — Afacrosiphina: Amphorophora ampullata, Aulacorthum dryopteridis, 
Afacrosiphuni daphnidis , At .get, AS. oredonensis, Af. prcnanthidis, Af. stellariac. 

Aphidius rtbis. — Afacrosiphina : Cryptomyzus ribis, A fyzella galcopsidts. 

Aphidius rosae. — Afacrosiphina: Afacrosiphuni rosac, Al. June stunt. 

Aphidius rubi. — Afacrosiphina: Afacrosiphuni funestum, Ncctarosiphum rubi. 

Aphidius tanacetarius. — Afacrosiphina: A fetopeurum fitscoviride, Aficrosiphtnn millefolti. 
Aphidius transcaspiais. — Rhopalosiphina: Hyaloplerus pruni, Longiunguis donacis. 
Lysaphidus arvensis. —Liosomaphidma : Lipaphis crysimi, Pscudobrcvicoryne crystmi. 
Diaeretcllus ephippium. — Afacrosiphina : Dccorosiphon corynothnx, RJwpalomyzus poac. 
Diaretellus heinzei. — Afacrosiphina : Dccorosiphon corynothrix. 

Afotioctouus caricis.— Afacrosipfmta: AietopolopUtumfcstucae, Sitobium e^uucCi. 

Trioxys brevicornis. - Liosomaphidma: Cavariclla spp., HyaJaphis buplcuri, H. focnicuU, 
H. mcllifera, Stacgcriclia nccopinata. 

Triox)’s ceiitaurcac. — Afacrosiphina: Dactj not us acneus, Af. campanulae, Af. cicliorii , D. 
jaccae, D. nmraiis, D. obsamts, Afatrosiphonitlia arlcmisiac, M. Af. lanacetma, 

Aficroiophium evanst. 

Ephedrus nachcri. — Aphidina: Cryptosiphum artanisiae, Liosomaphidma' Hayhurstia 
atriplids. 
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Pracn abjectum. - Rhopalosiphina: Rhopalosiphum padi, Aphiiina: Aphis bupleurt, A. 
craccivora, A. Jabae, A.Jatmosa, A. sambuci, A. spiracphaga, A. viburtti. 

Apliidius matricariae. - Aphidina : Aphis sp., Liosotnaphiditta : Hayhurstia atnphcis, 
Hyadaphis hoffmanni, Macrosiphma : Galtobiunt langei, Linosiphon galtophagus, L. asperu o- 
phagtts, Myzus ajugae , M. cerasi, M. ligustri, M. pcrsicae, M. ornatus, Capitephorus 
hipophaes. . 

Aphidius pascuoruin. — Rhopalosiphina : Rhopalosiphum padi, Schizaphts sctrpt, A acto- 
siphma : Metopoiophium dirhodum, Sitcbium avcnae. 

Aphidius picipes. - Anuraphidma : Brachycaudus cardui, Macrosiphina: Myzus auctus, A . 

Aphidius sahcis.-Aphidma: Aphis lambersi, A. fattnosa, Liosomaphtdma : Cavariclla 
spp., Sew t aphis dauci. ... 

Monoctonus cerasi. — Rhopalosiphina : Rhopalosiphum padi, R. oxyacattlhae, Anurapni ) 
na: Dysaphis crataegi, Macrosiphina: Myzus ligustri. . , 

Ephedrus perstcae. - Rhopalosiphina : Rhopalosiphunt padi, Aphidma: Aphis Jabae, ■ 
idaei, A. potni, Brachyunguis sp., Toxoptera aurantii, Anuraphidma: Dysaphis crataegi, 
defect a, D. plantaginea, D. sorbi, Roepkea manhali, Allocotaphis quaestionis, Brachycau us 
hehchrysi, B. lychnidis, Liosomaphidtna : Hayhurstia tataricae, Hyadaphis melhfcra, A aero-, 
siphma: Myzus cerasi, M. ligustri, Phorodon huntuli, Geoktapia pyraria, other groups. 
Thccabius sp. 

Ephedrus plagiator. — Rhopalosiphina : Rhopalosiphum padi, R. nymphaeae, R. 0X V a 
eanthae, Schizaphis scirpi, Hyalopterus pruni, Aphidma: Aphis bupleun , A. craccae, • 
craccivora, A. Jabae, A.Jatmosa, A. idaei, A. nasturtii, A. spiracphaga, A. urticata,A. vwurn , 
Anuraphidma: Dysaphis devecta, D. crataegi, D. sorbi, D. tataricae, Ceruraphis eriop on, 
Brachycaudus cardui, B. heiichrysi, Liosomaphidtna: Liosomaphis berberidis, Hyadapms 
Joeniculi, Macrosiphina : Acyrthosiphon caraganae, A. spartii, Aulacorthum chelidont , 
Hyperotnyzus lactucae, Myzus cerasi, Phorodon humult, Macrosiphum prenanthidis, M. rosae, 
M weberi, Sitobium avcnae, S. equiseti, other groups: Asiphon sp., Chaitophorus sp.» 
Myzocalhs sp., Prociphilus sp., Schizoncura sp., Sipha sp., Anoecia sp. 

Praon volucre. - Rhopalosiphina : Rhopalosiphum padi, Aphidina: Aphis craccivora, A. 
grossulariae, A. idaei, A. pomi, Anuraphidma: Dysaphis sp., Brachycaudus heiichrysi, 

B. lychnidis, Liosomaphidma : Trilobaphis sp., Lipaphis Jritzmuclleri, Brevicoryne brasstcae. 

Semiaphis dauci, Hyadaphis sp., Macrosiphina: Linosiphon galiophagus, Myzus ligustri, 
M. persicae, M. cerasi, Rhopalomyzus alpigenae, Rhopalosiphoninus sp., Nectarosiphum rubt, 
Aulacorthum aegopodti, A. gerami, Acyrthosiphon caraganae, Hyperotnyzus lactucae, Mtcro- 
lophium evansi, Macrosiphum cuphorbiae, M. rosae, M. gei, M. Junestum, M. oredonensis, 
M. prenanthidis, M. stcllariae, Macrosiphoniella sp., Dactynolus ochropus, D.jaceae, Sitobium 
avcnae, S.Jragariae. 

Diacrcticlla rapae. — Rhopalosiphina: Schizaphis scirpi, S. longicaudata, Aphidina: Aphis 
sp., Anuraphidma: Brachycaudus heiichrysi, B. rumexicoiens, Liosomaphidma: Brevicoryne 
brasstcae, Hayhurstia atnplicis, Lipaphis Jritzmuclleri, Macrosiphma: Myzus pcrsicae, 
Dactynolus sp., Sitobium sp., Galiobium langei. 

Lysiphkbus ambiguus. - Aphidma: Aphis Jabae, A.Jarmosa, A. podagrariae, A.schneideri, 
A. urticata, A. sohnella, A. ncrii, A. ruborum, A. sarothamni, Toxoptera aurantii, Anura- 
phidma: Brachycaudus sp., Liosomaphidma: Hyadaphis sp., other groups: Chromaphis sp. 

Lysiphlcbus Jabarum.- Rhopalosiphina: Rhopalosiphum nymphaeae, Aphidma: Aphis 
chloris, A. clcmatidis, A. craccivora, A. cuphorbiae, A. neoreticulata, A. Jabae, A. hederae, 
A. mtybi, A. khmeschi, A. lambersi, A. newtoni, A. plantaginis, A. podagrariae, A. polygona- 
ta, A. pomi, A. potcrii, A. roepkei, A. ruborum, A. rumicis, A. salviae, A. sarothamni, 
A. stachydis, A. taraxaciccia, A. thomasi, A. umbrella, A. urticata, A. vandergooti, A. 
vcrbasci. Protaphis carlmae, Anuraphidma ■ Brachycaudus cardui. B. rumexicoiens, B. trago- 
pogonis, Dysaphis sp , Macrosiphina Hypcromyzus lactucae, Microsiphum nudum, Paczoskia 
major, Sitobium avcnae, other groups- Pemphigus sp. 

Paratipsis rttervis - Aphidma Aphis roepkei, Anuraphidma: Brachycaudus ballotae , B. 
cardui, B. mordmlkoi, Dysaphis crataegi, other groups: Anoccia sp., Forda sp., Tetraneura 
sp. 

Trioxys angehcae. - Rhopalosiphina : Rhopalosiphum padi, Aphidma: Aphis cognatclla. 
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A. craccivora, A. /abac, A. craccae, A. cylisorum, A. hcderae, A.farinosa, A. porni, A. salviae, 
A. solanella, A. rubonun, A. sambud, A. spiraephaga, A. viburni, Toxoptcra aurantii, 
Anuraphidirta : Brachycaudtts helichrysi, Ccruraphis criophori, Dysaphis devccta. 

Lipolcxis gracilis. - AphiJina : Aphis buplcuri, A. craccae , A. craccivora, A. cuphorbiae, 
A. fabae, A. hcderae, A. ittlybi, A. newtoni, A. origani, A. plantaginis, A. polygonata, 
zi. point, A. rubonun. A, salviae, A. scdi, A. taraxacicola, A. valid, Toxoptcra aurantii, 
Aiwaphidina: Bradtycaudus cardui , B. helichrysi, B. mordmlkoi, Afacchiatiella sp., Macrosi- 
phiita: Myzus ccrasi, A I. persicae, other groups: Anoceia sp. 

- Unclear cases - There is no doubt that we liave still a very restricted knowledge 
of the aphidiid parasites, of their fauna, distribution and host specificity. The same is 
true of parasite species as enemies of separate aphid species. Consequently, wc cannot 
mention generally an aphid group or species, in which parasites arc unknown up to 
now, that is not parasitized by the aphidiids at all. Nevertheless, our present knowl- 
edge agrees that certain aphids are not attacked by the parasites. The Traminae arc 
believed to fall also in the host range of Paralipsis cnervis, although no records on 
their parasites are known as yet. v.d. bosch & stern (1962) mentioned several Calla- 
phidid species to be free of parasites: Bocmcrina depressa, Crypturaphis grassii, Callaphis 
juglandis, Cienocallis sp. We have no material of parasites reared from these aphids 
either; literary records include a parasite species to attack Callaphis juglandis in Soviet 
C. Asia. Lachmu roboris in Europe is also known to be free of parasites. 

- MORPHO-ECOLOGICAL GROUPS OF APHIDS 

- Call and leaf-curling aphids. Galls may represent a temporary or perpetuum niche 
of an aphid species during the season. 

Galls as a temporary niche are rather common in aphids. A number of dioecious 
aphid species cause galls on their primary host plants, then leave the galls and emi- 
grate to their secondary host plants, returning in the late season to their primary host 
plants, where they overwinter. For example, Forda species and their relatives have 
Pistada species as their primary host plants and various Gramineae (roots) as the 
secondary host plants; Pemphigus spedes occur on Populus and then on roots of 
various Compositae; Prociphilus species occur on Fraxinus and then on roots of 
Abies; Schizoneura spedes 011 Ulmus and then on roots of various plants; Teiraneura 
spedes on Ulmus and then on roots of various Gramineae; Dysaphis species on 
Malus and on roots of various plants, etc. 

On the other hand, gsils can represent a perpetnotts niche For the whole season. 
Such aphids arc Eriosonut lanigerum, Cryptosiphum speaes, Hayhurstia alriplicis, and 
others 

Simple galls are rather common in aphids. This type of galls includes leaf curling 
as well as various slight deformities due to aphid sucking. Aphis idaei on Rubus, 
Alyzits ccrasi on Primus avium, Brachycaudus helichrysi on Prunus persica, Myzus 
persicae on certain plants, Cryptosiphum artemisiae on Artemisia, etc., may be men- 
tioned as examples of leaf-curling aphids (Fig. 248). Cryptomyzus nbis causes a 
thickening of leaves in areas which arc attacked by the aphids (Fig. 247). 

Shoot axis galls. Eriosoma lanigerum. The sucking of aphids causes a bulging out 
of the cortex, irregular fissures appearing as a results (Fig. 258). Pemphigus luhten- 
steini causes development of massive galls on axis of Populus. 

Bud galls occur in rudiments of leaves, branches, etc. Examples: Adelgoid aphids. 

Leaf galls. Petiole galls: Pemphigus spirothecae causes subglobosc to pyriform, 
spirally twisted galls on petioles of Populus leaves (Fig. 249). Fold galls : These galls 
arise due to unfolding of leaves. Example: Forda sp. (Fig. 250). Roll galls: They 
arise due to upward or downward rolling of a leaf, the gall being a tubular one. 
Example: Hayhurstia atriphcis. Pouch galls: They are the dominant type of leaf 


205 




Fig. 247. Crj ptomysus ribu on Ribcs rubrum. Lcif-curling. 
Fig. 248. CrjptDtiphum ailaninne on Artcmma sp. 

Fig. 247. Ptinplngus ip. gall* on leaves of l’opulus sp. 

Fig. ajo. Galls caused by JVria sp. on I’istacu lemiscus leases. 




Fig. 251. Schizonettra lanuginosa galls on Ulnius sp. Left: - dissected gall, right: 
closed galls. 

galls. They may be of various sizes and shapes, originating as a greater or smaller 
deformity of a leaf. Examples: Schizoncura lanuginosa on Ulmus, Pachypappa 
vesicalis on Populus alba, Byrsocrypta ulmi on Ulmus (Fig. 251I. 

A gall is usually produced by the fundatnx action. There may be, however, even 
another procedure in some pocket leaf galls. The fundatnecs of Forda spp. form a 
temporary gall, which is small and always remains open. The fundatnx produces 
the progeny, but the latter leaves the gall and settles on the adjacent young leaf- 
lets and produces the characteristic leaf gall (bODENHeimer & swirski, 1957). 

The appearance of galls is closely dependent on climatic conditions, that determine 
the plant growth and apliid appearance. As they represent a result of plant response 
to aphid sucking, the galls appear in a certain stage of plant growth; they appear 
mostly at the most intensive stage of plant growth. 

After a certain number of generations have developed, the gall opens and thus 
enables the aphids that occur inside it to get out. The period of gall opening is 
apparently dependent on the senescence of corresponding plant tissues. 

Several generations of aphids can develop inside a gall, bodenheimer & swirski 
(1957) mention 2-3 generations in galls in Fordinae aphids m Israel. 

It is obvious that a parasite $ is not capable of invading a closed gall. Simple galls 
and curled leaves can obviously be visited at any time and a rather stret coincidence 
does not seem to be necessary in parasites of suchaphids {Ephedras plogiatot, E.perskae, 
etc.). However, a strict coincidence does apparently occur in closed galls, as the 
parasite 9 must attack the aphids either before the gall is closed, or after it opens. 
Consequently, we may observe an apparent coincidence in the occurrence of fun- 
datrices of Forda and Pemphigus species, and their parasite, Alonoctonia pislaciaccola. 
On the other hand, Areopraon lepclleyi seems to be limited as to its occurrence to the 
period when galls of its host, Schizonettra lanuginosa open and the parasite 9 can 
invade the gall through the holes and attack the aphids inside the gall. 


Gall community is a highly specialized and complex community. A primary gall 
community is associated with the gall during its active phase of development and 
growth, before the escape of the aphids. A secondary gall community inhabits the 
gall after the escape of aphids (mani 1964). 

The relations inside a gall arc rather complicated. There may be also other aphids, 
not participating in causing the gall m a given plant, but which found the gall to be 
a suitable mche. Parasites that arc associated with such secondary gall inhabiting 
aphids may or may not infest both the aphid species in a gall. For example, we have 
found Pachypappa vesicalis to cause galls on Populus, in which there were also 
Chaitophorus species as secondary inhabitants. Similarly, mixed colonies of aphids 
exist in Dysaphts spp., where either two Dysaphis spp. are mixed, or Dysaphis 
species is mixed with Aphis point, etc. 

Parasites are mostly inhabitants of primary gall communities as their adults lay eggs 
in living aphids that occur inside the galls. The period of oviposition is dependent on 
the type of gall and parasite species. However, some parasite species enter quiescent 
states and their quiescent cocoons can then be found m empty galls, the parasites are 
consequently — although being in a quiescent state — also members of secondary gall 
communities (Ephedrus persicae, Monoctonia pistaciaecola). In the case that there arc also 
sonic aphids as occasional secondary inhabitants of galls (sec above), the parasites may 
or may not attack, both the species. In the above case of Pachypappa and Chaitophorus 
species, Lysiphlebus salicaphis attacked only the second aphid. In Dysaphis species and 
Aphis point, the parasites can attack both aphid species (see: evenhuis 1966). 

Galls arc not caused by a single species or aphid group. Many aphid groups 
participate in causing the galls. Consequently, a number of parasites can be recognized 
that attack the gall aphids. Among these parasites, we distinguish various degrees of 
specificity range with respect to the kind of gall and taxonomic relations of its host. 

Lysiphlebus desertorum. It seems to be a specialized parasite of Cryptosiphum spp- m 
Asia (simple gall and leaf curling). 

Aphidtus rt bis is restricted to Cryptomyzus ribis (simple gall). 

Ephedrus cerasicola seems to be restricted to Myzus cerasi (simple gall-leaf curling). 
Diacrctiella rapae attacks Hayhurstia atriplias(ioH gall) but it attacks also a number of 
freely living aphids. 

Ephedrus tiacheri attacks Cryptosiphum species (simple gall-leaf curling) and Hayhur- 
stia atnplicis (roll galls). The parasite seems to be adapted to the mche, bo th the groups 
arc not related taxonomically. 

Monoctonia pistaciaccola attacks Forda species (lcaffold gall) and Pemphigus species 
(petiole galls). It seems to be restricted to the Pcmphiginc aphids (gall producing 
species). 

Arcopraon lepclleyi attacks Schtzoneura uhni (pouch galls), and even Ertosoma lani - 
gerum (shoot axis galls). It seems to be restricted to galls of the Pcmphiginac. 

Ephedrus persicae a tracks Rhopalosiphum pads (simple galls— leaf curling), Aphis fabae 
(simple gall-leaf curling). Aphis tdaei (simple gall— leaf curling). Aphis pomi (simple 
gall— leaf curling), Hyaloptctus pruni (simple gall— leaf curling). Allocotaphis quaes- 
tiotus (simple gall— leaf curling), Dysaphis spp. (simple gall— leaf curling), 
Urachycaudus hehchrysi (simple gall— leaf curling), Hyadaphts melhfera (simple gall- 
leaf curling), -Uyeio iiqustn (roll gall), Myzus cerast (simple gall— leaf curling), Ceol- 
tapia pyraria (roll gall), Hayhurstia tataruae (simple gall— leaf curling), Photodem 
humuh (simple gall— leaf curling), etc. It attacks also some freely living species. 

Ephedrus pla^aicr: Rhopalosiphum padt (simple gall— leaf curling). Aphis /oboe 
(simple gall— leaf curling). Aphis nasturtn (simple gall — leaf curling). Aphis idaci 
(simple gall leaf curling), Hyalaptcrus pruni (simple gall — leaf curling). Aphis pomi 



{simple gall — leaf curling), Ceruraphis eriophori (simple gall— leaf curling), Dysaphis 
sp. {simple gall— leaf curling), Brachycaudus cardui (simple gall— leaf curling), Myzus 
cerast (simple gall— leaf curling), Hyperomyzus lactucae (simple gall— leaf curling), 
Schizoneura utmi (pouch gall), Prociphilus fraxini (simple gall— leaf curling), etc. It 
attacks a number of freely living aphids as well. 

The following parasites sometimes infest gall aphids, but they are mostly attached 
to other aphid groups: 

Lysiphkbus ambiguus: Aphis schneideri (simple gall — leaf curling). 

Lysiphkbus : fabarum : Aphis fabae (simple gall — leaf curling). 

Praon abjectum : A phis fabae (simple gall — leaf curling). 

Trioxys augelicae: Aphis pawn' (simple gall— leaf curling), Dysaphis sp. (simple gall — 
leaf curling), Aphis fabae (simple gall — leaf curling). 

Lipolexis gracilis: Myzus cerasi (simple gall — leaf curling). Aphis fabae (simple gall — 
leaf curling), Brachycaudus heUchrysi (simple gall — leaf curling). 

The galls of Adelgids generally are not attacked by any of the aphidiid parasites. 
The life-history of these aphids and lack of parasite adaptation ate the main reasons. 
- Aphids occurring itt crevices of bark. Stomaphis species attack various deciduous trees. 
They can often be found in deep crevices of bark, where the bark is not so thick 
and the aphids can reach the inner plant tissues by their rostrum. 

Parasites of Stomaphis species, i.e. Protaphidius species are apparently well adapted 
morpho-ecologically. The apical portion of the ? abdomen of these parasites is tubu- 
larly narrow ed and telescopic, and rather long when the parasite oviposits. This adap- 
tation enables the parasites to reach their hosts even in deep crevices where the usual 
manner of attack as used generally by the aphidiids would be hardly successful. 

We have also observed Pauesia grossa parasite to oviposit in Todolachuus abicticola. 
These aphids sometimes occur in bark crevices of trees as well, where the parasite 9 is 
able to reach them by an extremely projected abdomen when ovipositing. 

- Aphids occurring in leaf sheath. Leaf sheaths as a microhabitat are found in various 
aphids. Some of them are as follows: 

Rhopalosiphutn inaidis is a pan-tropical and subtropical species. Leaf sheaths of its 
host plants, the Gramincae, are the prevalent niche, but when the population is more 
numerous the aphids may occur freely in the neighbourhood of leaf-sheaths as well. 
This aphid biology is very typical and can be observed everywhere in the tropical 
part of its distribution area, but it seems to enable the occurrence of the aphid in an 
arid zone too. bodenheimer & swirski (1957) observed that in Israel the aphid inside 
the rolled blade is well sheltered from the wind and the humidity is so high that 
vapour condensation takes place; this, together with the exudation of the plant, often 
results in the accumulation of a considerable amount of water inside the rolled blade, 
which provides the aphid during the summer with an actually tropical microclimate. 
(Fig. 264). 

Some Dysaphis species can be mentioned as examples of this ecological group as 
well. They occur in leaf sheaths of their secondary host plants, both if being holocy- 
dic or anholocyclic (tropics) (Fig. 252). 

The research of parasites of these aphids has shown that they are attacked by para- 
sites which attack freely living aphids apparently, this type of niche is not distin- 
guished by Lysiphkbus testaceipes. 

— Root aphids. Root aphids seem to he distinctly divided into two groups : 

A.) The first group includes the underground and above ground aphids, whose 
occurrence on roots or root collars is temporary and they disperse gradually to other 
parts of plants. To such aphids belong for example Aphis lambersi, A. plantagims, A. 
potcrii, A. taraxacicola, A. thomasi, A. vandergooti, A. scaliai, Brachycaudus tragopogonis. 
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Gall community is a highly specialized and complex community. A primary gall 
community is associated with the gall during its active phase of development and 
growth, before the escape of the aphids. A secondary gall community inhabits the 
gall after the escape of aphids (mani 1964). 

The relations inside a gall are rather complicated. There may be also other aphids, 
not participating in causing the gall in a given plant, but which found the gall to be 
a suitable mchc. Parasites that are associated with such secondary gall inhabiting 
aphids may or may not infest both the aphid species in a gall. For example, we have 
found Pachypappa vestcalis to cause galls on Populus, in which there were also 
Chattophorus species as secondary inhabitants. Similarly, mixed colonics of aphids 
exist in Dysaphis spp., where cither two Dysaphis spp. arc mixed, or Dysaphis 
species is mixed with Aphis point, etc. 

Parasites arc mostly inhabitants of primary gall communities as their adults lay eggs 
in living aphids that occur inside the galls. The period of ovi position is dependent on 
the type of gall and parasite species. However, some parasite species enter quiescent 
states and their quiescent cocoons can then be found in empty galls, the parasites are 
consequently — although being in a quiescent state — also members of secondary gau 
communities (Ephedrus persicae, Monoctonia pistaciaecola). In the ease that there arc also 
some aphids as occasional secondary inhabitants of galls (see above), the parasites may 
or may not attack both the species. In the above ease of Pachypappa and Chaitophonis 
species, Lysiphlebus salicaphis attacked only the second aphid. In Dysaphis species and 
Aphis point, the parasites can attack both aphid species (see: evenhuiS 1966). 

Galls arc not caused by a single species or aphid group. Many aphid groups 
participate in causing the galls. Consequently, a number of parasites can be recognized 
that attack the gall aphids. Among these parasites, we distinguish various degrees 01 
specificity range with respect to the kind of gall and taxonomic relations of its host. 

Lysiphlebus desertorum. It seems to be a specialized parasite of Cryptosipltum spp- » n 
Asia (simple gall and leaf curling). 

Aphidms nits is restricted to Cryptomyzus rtbis (simple gall). 

Ephedrus ccrasicola seems to be restricted to Afyztts cerasi (simple gall-leaf curling). 
Diaerettella rupaeattackj Hayhurstia atriphcis(rol\ gall) but it attacks also a number of 
freely living aphids. 

Ephedrus ttachiri attacks Cryptosiphinn species (simple gall-leaf curling) and Hayhur- 
stia atriplicis (roll galls). The parasite seems to be adapted to the niche, both the groups 
are not related taxonomicaliy. 

Monoctonia pistaciaecola attacks Forda species (lcaffold gall) and Pemphigus species 
(petiole galls). It seems to be restricted to the Pcmphiginc aphids (gall producing 
species). 

Areopraon lepelleyi attacks Schizoneura ubni (pouch galls), and even Enosoma lani- 
Return (shoot axis galls). It seems to be restricted to galls of the Pcmphiginae. 

Ephedrus persicae attacks Rhopaiostphum padt (simple galls— leaf curling), A phis/abae 
(simple gall-leaf curling). Aphis tdaei (simple gall— leaf curling). Aphis potni (simple 
gall— leaf curling), Hyalopterus pruni (simple gall— leaf curling), Allocotaphis quaes - 
tioms (simple gall— leaf curling), Dysaphis spp. (simple gall— leaf curling), 
Brachycaudus helichryst (simple gall— leaf curling), Hyadaphis me 1 1 i/era (simple gall- 
leaf curling), Myzus iigustri (roll gall), Myzus cerasi (simple gall — leaf curluig), Ceoh- 
tapia pyrana (roll gall), Hayhurstia totancae (simple gall— leaf curling), Phorodon 
hu '" u,, (simple gall— leaf curling), etc. It attacks also some freely living species. 

Ephedrus pbyater: Rhopabsiphum padt (simple gall— leaf curling). Aphis false 
(simple gall— leaf curling). Aphis nasturtu (simple gall— leaf curling), Aphis tdaei 
(simple gall leaf curling), Hyalopterus pruni (simple gall — leaf curluig). Aphis potni 



{simple gall— leaf curling), Ceruraphis eriophori (simple gall— leaf curling), Dysaphis 
sp. (simple gall — leaf curling), Brachycaudus cardiri (simple gall— leaf curling), Myzus 
cerasi (simple gall— leaf curling), Hypcromyzus lactucae (simple gall— leaf curling), 
Schizoneura ulmi (pouch gall), Prociphilus fraxini (simple gall— leaf curling), etc. It 
attacks a number of freely living aphids as well. 

The following parasites sometimes infest gall aphids, but they are mostly attached 
to other aphid groups: 

Lysiphlebus ambiguus : Aphis schneidert (simple gall — leaf curling). 

Lysiphlebus /alarum: Aphis fabae (simple gall — leaf curling). 

Praott abjectmt: Aphis fabae (simple gall — leaf curling). 

Trioxys angelicae : Aphis pomi (simple gall — leaf curling), Dysaphis sp. (simple gall — 
leaf curling), Aphis /abac (simple gall — leaf curling). 

Lipoicxis gracilis : Myzus cerasi (simple gall — -leaf curling). Aphis fabae (simple gall — 
leaf curling), Brachycaudits hclichrysi (simple gall — leaf curling). 

The galls of Adelgids generally are not attacked by any of the aphidn'd parasites. 
The life-history of these aphids and lack of parasite adaptation are the main reasons. 

— Aphids occurring in crcviccsofbarU. Slomaphis speaes attack various deciduous trees. 
They can often be found in deep crevices of bark, where the bark is not so thick 
and the aphids can reach the inner plant tissues by their rostrum. 

Parasites of Stoma phis species, i.e. Protaphidius speaes are apparently well adapted 
morpho-ecologically. The apical portion of the ? abdomen of these parasites is tubu- 
larly narrowed and telescopic, and rather long when the parasite oviposits. This adap- 
tation enables the parasites to reach their hosts even m deep crevices where the usual 
manner of attack as used generally by the apbidiids would be hardly successful. 

We have also observed Pauesia grossa parasite to oviposit in Todolachuus abieticola. 
These aphids sometimes occur in bark crevices of trees as well, where the parasite $ is 
able to reach them by an extremely projected abdomen when ovipositing. 

- Aphids occurring in leaf sheath. Leaf sheaths as a microhabitat arc found in various 
aphids. Some of them are as follows: 

Rhopalosiphum titaidis is a pan-tropical and subtropical species. Leaf sheaths of its 
host plants, the Gramineae, are the prevalent niche, hut when the population is more 
numerous the aphids may occur freely in the neighbourhood of leaf-sheaths as well. 
This aphid biology is very typical and can be observed everywhere in the tropical 
part of its distribution area, but it seems to enable the occurrence of the aphid in an 
arid zone too. bodenkeimer & swirski (1957) observed that in Israel the aphid inside 
the rolled blade is well sheltered from the wind and the humidity is so high that 
vapour condensation takes place; this, together with the exudation of the plant, often 
resultsin the accumulation of a considerable amount of water inside the rolled blade, 
which provides the aphid during the summer with an actually tropical microclimate. 
(Fig. 264). 

Some Dysaphis species can be mentioned as examples of this ecological group as 
well. They occur in leaf sheaths of their secondary host plants, both if bemg holocy- 
clic or anholocyclic (tropics) (Kg. 252). 

The teseatch of parasites of these aphids has shown that they are attacked by para- 
sites which attack freely living aphids apparently, this type of niche is not distin- 
guished by Lysiphlebus testaceipes. 

— Root aphids. Root aphids seem to be distinctly divided into two groups : 

A.) The first group includes the underground and above ground aphids, whose 
occurrence on roots or root collars is temporary and they disperse gradually to other 
parts of plants. To such aphids belong for example Aphis lambersi, A. plantagims , A. 
polerii, A. taraxacicola, A. thoinasi, A. vanJergooti, A. scaliai, Brachycaudus tragopogonis. 
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Fig. 2 J2. Dysophis apiifoht in Icaf-shcath of Phocniculum vulgarc. 

Fig* 2 JJ* Mummified BrcchycauJut morJwilkoi on roots of Echiuni vulgarc. 


D. mrJmlltol, Cinara k minima (pontin i960), Dysaphit aatacgi, D. subtenant* 
Protaphis carlinae, Pemphigus aphids, Tetraueura uhiti. 

We can divide the parasites of aphids belonging to tins group into two part*: In the 
first group belong parasite* generally adapted to parasitism on apliid*bvingon partsol 
plant* above ground, but they may attack their host* even \\ hen they occur on root*, 
root-collar, etc.; apparently, various hole* sn ant-nest* (sec: ant-at tendance and para- 
sites) may play a part in enabling the parasites to search for their hosts even m the 
inside of ant runs. Such parasites arc c.g. Lysiphlcbus fabanini, Lipolexis graeihs, etc. 
These parasites arc neither morphologically nor ecologically adapted to life in under- 
ground habitat* or to ant-attendance. The second group include* parasites that attack 
only true root aphid* or root collar aphids, but they never attack these aphid* when 
living on part* of plant* above ground. Parahpsb cuttvis is a representative of tiiu 
group; it b adapted both morphologically (heavily built) and ecologically (relation* 
to ant*). Tin* parasite seems to be a widely specialised species, attacking various root 
aphids irrespective of their taxonomic relations, as the data on its host specificity 
range show: Await sp. t Aphis toepLei, BrjthytmtJiu balhtje, li. tarJui, U. mordu-ithei. 
U. »pp.. Dyuphis ettutgi, D. subtenant. 1, IvrJ j ftnniejtia, I'orda nwrginata, Tetr-meufJ 
u!mi. (Fig. 2jj). 

II.) The *ccond group of root aphids includes such aphids that arc restricted to 
under gr omul life cxcluu vcl y, either a* a group (Tramuue) due to general anlioloC) cl)', 
or such aphid groups as lotnc F trJj specie* w Inch manifest exclusively an underground 
mode of hfe ui a part of their distribution area where they arc anholoc)clic (N. 2nd 
C. Europe). but they arc holocycltc in other parts of their distribution area. 

A* t<» ilse parasite* attacking I lie sc aphids of else second group, Fcrlt species arc 
attacked by Pa/a.'iyni menu, which is a common parasite of various root aplud* 
(sec: abuse). However, up to tlic present rime, we do not know any parasites of the 

Ttsrniaae. 

- Ayk.L m free t.'Lmtt This istlie most numerous group among the aphids. 

S*n^ aj .ud ij'eoei may live a* free culor.se* during die whole season. T1 jctc are. fi rf 
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Fig. 254. Aphis hedcrae on Hedera 
helix. 


example, Aphisfabae, A. sambud, Acyrthosiphon pisutn, Macrosiphoiiiella an d Dactynotus 
species, and o thers. Ano ther group of aphids may show such a type of life only during 
a certain part of the season. For example, RJiopalosiphum padi which is a leaf curling 
species on Primus padus in spring, lives in free colonies on its secondary host plants, 
the Gramineae, during summer. Many aphid species occur in spring as root collar 
aphids, often being sheltered also in ant-runs, and later in the season they may be 
found to live freely on the parts of their host plants above ground. Host plant re- 
sponse to aphid attack may also have an influence: Myziu persicae causes heavy leaf- 
curling and deforma tionin Cucumis sativus, while it causes almost no deformation in 
Solanum tuberosum. 

Parasites of aphids that live in free colonies represent a numerous group. Their host 
range is various. Some of them appear to be adapted more to this free colonial type of 
aphid occurrence, the others are restricted to a given aphid group (sec host specificity). 
Microclimatic differences in the occurrence of separate free colonies can also be 
responsible for the differences in parasite preference (sec, e.g. mcleop, 1937 , etc.). 

- General worplio-ecolt^irol adaptions. The microhabitat of aphids deeply influences 
their morphological features, nevsky (1929) recognized several apliid groups in this 
respect. They arc believed to be significant with respect also to the parasites. 

Aphids — xcrobionts live on xcroph) tic plants in deserts, or mesophytic ones but 
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growing in open stands, that arc not protected from the influence of sunshine. The 
occurrence of aphids on such plants is characterized by great insolation and tempe- 
rature, dryness of air, intensity of evaporation and open exposition under poorly 
developed leaves. The adaptation of aphids is through maximal reduction of the 
evaporation surface (Xcropinlaphis, Xerobion, Breuicorynella, Cryptosiphuiii, etc.): they 
are generally small in size, the siphuncles and cauda are abbreviated, the cuticle is 
arcolatcd and wax cover is common. Some of them occur inside pscudogalls as w ell 
(Cryptosiphum). ... 

At the present time, we know only a single parasite, Lysiphlebus desertorum, wlucn 
lias been described as a parasite of a typical xcrobiont aphid, Cryptosiphum sp., from 
C. Asia. The other parasite of Cryptosiphuiii species, Ephedms nachcri, attacks also 
another aphid, Hayhurstia atripluis and it seems to be adapted to certain groups of ga 

^Apluds that live freely on leaves of trees and herbs, especially on the upper side, arc 
oval and flat ; this enables them to stay fixed on the surface and survive ram etc. T cy 
often have heavy wax covers, move little and arc poorly pigmented. 

Aphids occurring inside curled leaves, in semi-sheltered stands, cxliibit an ov 
convex shape. . . . .. 

Aphids occurrmg on trunks and branches arc usually large in size, with we 
developed siphuncles, cauda and antennae. They arc poorly adapted to unfavoura c 
external influences (rain) but their legs and wings are well developed and they arc 
rather mobile, they often fall to the ground if disturbed, etc. 

Aphids occurrmg in restricted spaces (galls) or tcrncolous aphids arc almost glo 
ular m shape, with a wax cover and their legs and antennae are minute. 

- Solitary and gregarious aphids. Aphid species that exhibit a solitary occurrence o 
individuals, arc comparatively rare among the aphids ( Horniaphidula ). We know 
nothing about their parasites. 

Most aphids occur both in a solitary or gregarious manner in nature. BODtMittMt* 
& swikski (1957) asccrtamcd that there arc apparent differences among the separate 
species, the gregarious behaviour being of several types: In the apterous adults an 
nymphs, in a number of aphids, such as Brevicoryi ic brassicae, Hyaloptcrus pruni, 
hcrochhroides pttsicae and many others the young nymphs do not leave the mother 
for any distance, as long as the host conditions arc favourable. Dense aggregations o 
n)inphs of a first and even second generation can be found around the mother. We 
have observed even a third generation in Hyaloptcrus pruni whose colonics originated 
by a single fundamx cos cr the whole of a mature Primus leaf. Conditions of the host 
plant may atfect and obscure this type of behaviour in a rather significant way. Fur 
example, H. pruni can cover the whole surface of hose plant leaf, both in Prunus ana 
Pluagmitcs hosts; as the leaf becomes senescent, the aphids disperse over the surface 
of the same or c\cn other leaves, exhibiting an almost "solitary" behaviour; this 1* 
namely 111 aphids on Phragnmes communis during the summer. 

I11 .\/yeus perurje there is a different behaviour in young nymphs. They do i' ot 
prolong tlicir stay around their mother aplud. but they disperse quickly all over the 
leaf. frotelkhma species allow a similar bcluviour.as not even the smallest aggregation 
was observed (boulm iu mi k i> swuski. 1957). 

Later behaviour seems to be possiblv also obscured by the mffucncc of host plant 
species. In Stylus pciiuae we have observed the typical dispersive behaviour on 
Itraiuca leaves 1:1 a greenhouse, bur nor on Asparagus or Bougainvillea plants, where 
there were dei.se aggregations of both aplud adults and nymphs around the stems md 
at rise top* of the plants In /V» r.-Li/mj 1 species, which are attached to coniferous trees, 
th-s udiucntc of h, nr plant as obvious 



Fig. 2SS. Toxoptcra aurantii on leaves of Citrus sp. 

Fig. 256. Ccrataphis variabilis on leaves of Cocos nucifera. 

In alate adult aphids, both obligatorily (vagrants) and facultatively (migrants) 
host alternating species, there is usually no tendency to originate such aggregations. 
Drepanosiphitm platanoidcs seems to be an exception, it spends the summer diapause in 
alate adult stage, in typical aggregations, as observed by Kennedy (1966). 

Aggregations of aphids can markedly influence the preference and even attack of 
separate colonies by the parasites. For example, George (1957) observed that in 
fttevicorync brassicac the percentage of parasitism by Diacreticlla rapae was the highest 
on the upper leaves, where the colonies ofaphids were small and diffuse, while on the 
middle and lower leaves, where the aphid colonies were more dense, the parasite 
tended to restrict opposition to the individuals at the edges of the colony. 

Some parasite species arc obviously able to find a host colony, while solitary aphids 
remain free; this seems to be the case of Lysiphlebus fabarum. On the other hand, 
Aphidius ervi is an example of a parasite species which exhibits a high searching ability 
as it is able to find even the rather dispersed and solitary fundatnees of its host in 
spring, not to mention smaller or larger colonies. 

— AtU-attended aphids. The degree of ant-attendance m various aphid species re- 
sulted in a corresponding adaptation. We have dealt with this question separately. 

— Aphids producing audible sounds. Toxoptera aurantii (Fig. 255) is reported by Grif- 
fiths ti THOMSON (1957) to behave as follows: as with most aphids, it may be noted, 
that periodically the entire colony seems to stand on their heads. It was observed that 
when the aphids stood on their heads they emitted a rasping scratching sound. 
T. aurantii is not attacked by 2 specialized parasite or a complex, consequently, we 
can say that this peculiar behaviour has no significance with respect to the parasites. 

— Cocddoid shape of aphid body. In certain aphid groups the body shape is oval 
and subarcuate enabling them to exist safely on the exposed parts of plants. Cerata- 
phis species, however, seem to be a little extreme, they resemble more coccids than 
they do the aphids as to their shape and occurrence on leaves. We do not know 
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Fig. 237. Brevicorync brassieae on Brassica napus. 

Fig. 258. Eriosoma lanigerum on Malus silvcstris. 

any aphiidid parasites attacking the Cerataphis species. Apparently, this ^ 

aphid body has become very different from that which we designate to be aphid- 
oid”, to which the aphidnds arc adapted. The coccidoid resemblance seems to be 
stressed by the fact that Cerataphis species are attacked by Encarsia chalcids and these 
parasites arc just typical parasites of coccids, aleyrodids, etc. ; it seems that the 
morpho-ccological resemblance of the Cerataphis species to coccids is the mam rea- 
son (Fig. 256). Thelaxes species exhibit similar morpho-ccological characters, never- 
theless, these features do not reach an extreme degree as in Cerataphis species. 
Consequently, Thelaxes species arc attacked by a specialized aphidud parasite, 
Lysiphlebus thelaxis. 

- Waxy coverings on aphid body. Heavy wax production may be recognized m 
aphids of different groups and ecology. We see it m gall aphids and leaf-curling 
aphids living in forest type lubitats {Schizoncura uhni, Stagona xylostei, Hyadaphti 
melhfera, Prodplnlus spcacs, Eriosoma lanigcritm) as well as in many specie! that live in 
desert lubitats. 

Wax cover produced by aphids may often cover the whole colony, so that no 
apliids arc visible under it. This is the ease of Eriosoma lanigerum (Fig. 258), HyaJaphiS 
melhfera, etc. The aphidudi arc able to attack such aphids, although they do not seem 
to belong to their preferred hosts: H. mellifera is rarely attacked by Ephedrus pcrsicac 
in Europe, the parasite is spcculized mostly to parasitism on gall and leaf curling 
apliids; consequently, the wax cover seems to be less important than the mode of 
aplvid life. Eriosoma lanigerum in Europe was reported to be attacked by Areopraon 
lepelleyi in England; the parasite adaptation is apparently of a secondary character, 2* 
it is known to attack gall aphids such as Schizoneura spcacs in Europe. 

In other species of aphids the wax cover may be rather strong, but we can separate 
the individual aphids. Brtvuorynt brassicae is a typical representative (Fig. 257)* I* ** 
attacked by several parasites, which seem to be well adapted. Diaaetiellj rapae, the 
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Kg. 259. Tubcrdlathnus salignus on Salix sp. 

most common species, is, however, mentioned to restrict its attacks to these individ- 
uals of the aphid which are at edges of the colony. 

Griffiths (i960) made experiments with the influence of the wax cover of Macro- 
siphitm euphorbias, which has a slight wax cover, and ofBrevicoryue brassicae, both the 
aphids being propagated as unnatural hosts of Monoctonus crcpidis, which is a specialized 
parasite of Nasonovia species. This parasite tried intensively to clean itself after coming 
into contact with M. euphorbias, and it generally avoided Br. brassicae. When contami- 
nated there were even signs of fatal damage due to wax covers. Griffiths (1961) be- 
lieved this to be due to the behaviour of the parasite, which places its fore legs on the 
attacked aphid, a feature that does not occur in D. rapae. Nevertheless, in our opinion, 
this is caused by poor general adaptation of the parasite, but not by the type of op- 
position behaviour as we know Praon species to attack Br. brassicae quite successfully 
placing its fore legs on the attacked aphid in a manner which is typical for the whole 
genus Praon. 

The role of wax cover in Br. brassicae may be influenced by R.H. The wax cover 
is developed to a lesser degree in higher R.H, conditions, such as those in greenhouses. 

Another example of wax cover in aphids represents Tuberolachnus salignus, , where 
the wax forms two remarkable thorns on the dorsal abdominal portion of the aphid 
(Kg. 2 S 9 ). Nevertheless, this aphid is attacked by a specialized parasite, Aphidius 
salignae, in Far East Asia. 

The degree of wax covers may play a different role in host preference by parasites. 
For example, Diaerclielia rapae apparently prefers wax producers such as Brevicoryne 
brassicae or Haykurslia atriplicis, but attacks less commonly Afyzus persicae, where the 
wax cover is poor. On the contrary, according to scheurer (1964), Laclmiella costata 
was found to be parasitized by Pauesia species to a lesser degree apparently because of 
its highly developed wax cover, which is uncommon in other Cinara speaes. 

- Modifications ojlcgs. Salta tonal legs are developed in some Callaphidid aphids such 
as Drepauosiphum, Tinotallis, Calliptcrus, Saltusaphis, Phyllapkis, Iziphya, Therioaphis, 
etc. Some aphids of these groups are able to jump in all stages ( Therioaphis , Drcpauosi~ 
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phtitt, etc.) ; in others the ability to jump is restricted only to the adult stage: Callip- 
tcrus, for example, is able to jump in the alatc adult stage only. Saltatorial legs were 
believed to be a peculiar feature of aphids that require a corresponding adaptation in 
parasites: thus schlincer & hall (i960) believed that the opposition behaviour in 
Praon exoktum reveals such an adaptation in placing its fore legs on the attacked aphid 
to overcome the jumping habit of the aphid; nevertheless, in our opinion, this 
oppositional habit is typical of all species of the genus Praon and probably of 
tonus as well; as the other species of the mentioned genera attack non-jumping aphids 
too, it is apparent that it is a common opposition behaPour of these groups, not an 
adaptation to the host behaPour. sciilinger & hall (1961) also believed that accessor) 
prongs in Trioxys complanatus have a similar role in preventing the aphid from jump- 
ing and escaping. Nevertheless, also in this case, holding the attacked aphid between 
the prongs and ovipositor sheaths is a general opposition behaPour of all the Trioxys 
species and it lias a primary role in preventing an attacked aphid from escaping, 
irrespective of whether it is a jumping or non-jumping species. As there arc a so 
other parasites (Aphidtus) that attack the jumping aphids, which do not have any 
apparent morpho-ecological adaptation in opposition behaviour, it is apparent that 
the jumping of aphids depends on closely specialized oviposition behaPour o a 
parasite (length of opposition act, antennal tapping, etc.). The above mentionc 
parasitcadaptationsarcnotniorcsignificant than in other groups, although parasites o 
the Callaphidid aphids arc mostly strictly specialized to parasitism on this aphid group. 

Prolonged tarsal segments arc a character known to occur in the Traminac su 
family of the Lachnidac. It is probably the result of a close adaptation of these aphids 
to ant-attcndancc. As we do not know any parasites of this group, the significance o 
this adaptation with respect to parasites remains to be classified. 

-Length of rostrum. The length of the rostrum is a convergent character which has 
a definite functional value in aphids. Accordingly, a long rostrum can be found in 
aphids that live on Iiairy plants. For example, Corylobitmt spcdcs living on the hairy 
plants of Cor) lus and Aqrrthosiphon species have a long rostrum when living on long- 
haired hosts, while the rostrum is short on short-haired hosts (bodenuumiR * 
swiRSKi 1957). A long rostrum is also typical of the aphid spcdcs attacking plants 
having rather tliick bark ( Stomaphis spcdcs). 

The length of the rostrum of aphids docs not seem to have any significance with 
res peettotheir parasites. In some eases, the degree ofluiryncss ofa plant could have a 
certain role, perhaps more important than the host aphid adaptation. The length of the 
rostrum might also be important in defense or escape reactions of attacked aphids, as 
the long rostrum means that the aphid escapes more slowly due to its attachment to 
the plant titan if it had a short one; these aphids can easily pull their rostrum out of 
the plant and run off or fall down. However, the aphid responses seem to be specific. 

- Absttut of stphuruuli and wax glands. This is a feature of t) pically ant-attended 
aphids, tr does not seem to have any particular significance with respect to parasites. 
Paralipsis trtetvh, a t)pical parasite of many root aphids, attacks both more or less 
specialized ant-attended aphids. 

- Smj/i dorsal tuber (Its. This is mentioned to be typical of aphids associated with the 
Kouceac (BODUtsfUMUi * swiuki 19 j 7 ). Aphids of this t>pe are attacked by a num- 
ber of parasite > pedes. I low ever, the morphological features mentioned do not seem 
to hast significance in this respect. 

- Liultat (ases. As we fuse already mentioned ui the foregoing taxonomic group* 
of aphids and p-ir-iutc relationship, there are ccrtam aphid groups or species which 
uc not attacked by lphijnj parasites. Some ecological peculiarities have not been 
fti.ogr.ucd in the ApLuloul aphids. 



- biological control. In the aforementioned, we have tried to show the main 
features of the aphid taxonomical and ecological groups with respect to parasites. 
This general knowledge or at least its principles are rather important in a biological 
control program, which we start with the general classification of a given pest 
species. When we have a general knowledge of its taxonomic relations, life history, 
and distribution, wc can theoretically predict certain relations of parasites to this 
aphid. For example, if we have to control an Adelgoid aphid it is obvious that 
aphidiids are of no use as they do not attack this aphid group at all. Or in the Cal- 
laphidid aphids, or in the Lachnidae, we can assume that these groups are attacked by 
a strictly specialized parasite complex. On the contrary, in the Aphidoid aphids, we 
can expect a broad spectrum of parasites to occur, with a high probability of success- 
ful unnatural host propagation. Naturally, host specificity influencing factors and 
the evolutionary aspect must be used as a basis of such predictions. 

REFERENCES. 27, 99, HI, 1X2, 1JI, 141, I42, I44, 19I, 225, 234, 238, 240, 282, 3OI, 
306, 308, 339, 342, 450, 452, 454, 455, 456, 461, 476. 479, SIX, 523-32, 53<5-7, 551, 
570, 580-5, 613, 615, 618, 649, 650, 693, 697, 700, 705, 719, 721, 758, 792, 809-14, 
817, 821, 84(5, 861, S62, 863, 902-3, 905, 919, 920, 932, 954, 975-88, 996, 1003, 1005, 
1011, 1013, IIIO, 1112, XI14, 1115, 1116, 1137, 1 135-7. 1189, 1256, 1266, 1288, 
1290, 1341-2. 


Unnatural Host Propagation 

Research on host specificity, distribution and effectiveness of the parasites has shown 
that certain aphid groups arc not attacked by the parasites at all, or they are attacked 
to a low degree, or there may be different groups of parasites attacking the same 
aphid species in various parts of the world, or the effectiveness of the parasites is low, 
etc. This state of research has led to the trend, which is also commonly applied in 
other groups of entomophagous insects, when various hosts— so called unnatural 
hosts — are propagated as new hosts to certain parasite species and various methods 
have been used to put such aphids into the host range of a given parasite species. The 
main idea of unnatural host propagation is to find parasites capable of attacking and 
successively parasitizing the pest aphids, although then natural host need not he a 
pest spedes. It is necessary to note that unnatural host propagation is a state of re- 
search, where the host-specifidty of separate spedes must be known to avoid the 
propagation of an unnatural host which later would be found to be a natural one 
in reality. 

- review. It is an aim of this review to show on the one hand, the development of 
research of unnatural host propagation in aphid parasites, and, on the other hand, the 
rather unsatisfactory level of our contemporary knowledge. 

telenga (1950): when studying the significance of aphid locomotion with respect 
to parasite attack, he recognized Lysiphlebus fabarum failed to oviposit in ) oung 
nymphs of Dactynotus picridts as the latter escaped before the parasite was able to 
insert its ovipositor, many attempts of this kind having been observed. There is no 
doubt that D. picridis is a member of an aphid group that is known to be rarely para- 
sitized by the mentioned parasite spedes in nature, although we ourselves know of 
such cases (sec: mackauer & stary, 1967); the aphid would not represent an un- 
natural host in this respect. Moreover, it is not apparent whether the failure in para- 
site oviposition was due to laboratory conditions or whether it was seen just on the 
host plant where the aphids were feeding in the field. According to our observations. 
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young instars of Dactynotus species exhibit less defensive movements and escape 
reactions than the higher instars or adult aphids; the parasite, though known to be 
very slow in oviposition, would perhaps be able to oviposit successfully while 
undoubtedly being unable to insert its ovipositor and oviposit into a moving low 
instar aphid nymph. 

George (1957) made experiments with propagation of various aphids attacking 
field crops and their parasites to show the existing host range. Some experimental 
host aphid combinations can be classified as unnatural host propagation too. Besides 
obvious cases of parasite behaviour to unnatural hosts (disregarding), Myzus persicae 
was found to be attacked by Diaeretiella rapae in the laboratory (greenhouse), how- 
ever, such a relationship was not observed in the field. It would appear that Myzus 
persicae was successfully propagated as an unnatural host under laboratory conditions. 
However, the aphid is known to be commonly attacked by the parasite mentioned 
in various parts of the world, including large areas of Europe. Therefore, a peculiar 
strain of the parasite may occur in Gr. Britain. 

SCHLInger, hagen & v.D. BOSCH (i960) : Trioxys palhdus was successfully introduced 
as an agent in the biological control of Chromapltis juglattdicola in California. The 
parasite attacks the aphid commonly in Europe, Asia Minor and C. Asia besides 
other species of dcndrophilous Callaphididac. However, an unnatural host, Tino- 
callis caryaefoltae , an indigenous apliid pest 011 pecan (hickory) in California, was 
successfully propagated both in insectary and in the field. Experiments with Mornha 
species, another indigenous Callaphidid in California, were also made. The host 
range of Trioxys pallidus seems to be wide enough to include also some Callaphidid 
aphids which could not naturally be parasitized except in cases of parasite introduc- 
tion into a given country. 

GRimms (i960, 1961): Both papers seem to be of basic significance for unnatural 
host propagation research. His work was performed on Moiwctonus crepidis, a parasite 
of the Nasonovia species, N. nbisnigri on lettuce being used as a natural host in the 
experiments. Detailed observations on the relationship of the parasite to its natural 
host were carried out, oviposition behaviour, host selection, defensive reactions or 
the host and factors influencing them were stressed most, immunity reactions of the 
host also being carefully dealt with. After the natural conditions of host-parasite 
relationship had been established, other lettuce and non-lettuce aphids were used in 
parallel experiments. Rather significant differences in various aphids with respect 
to the original natural state of host-parasite relationship were found. At the time 
when the experiments were made, there was still a rather poor knowledge of host 
specificity of the aphidud parasites in general if compared with recent years. For 
this reason, the relation of unnatural hosts by Griffiths was made more or less by 
cliancc in many cases (non-lettuce aphids namely). This feature of work naturally 
docs not change anything as to its value, and it would be an interesting research 
theme to apply a modem view point on host-spccificity m the experimental program 
initiated by GRimms. 

evlniiuis & de jong (1961): when dealing with the aphids and parasites on apple* 
these authors made certain experiments on host specificity of separa tc parasite specie s. 
They were unable to infest Aphis poms with parasites of Dysaphis ptanuginea on 
apple. Further research on this theme (sec: evtniiuis, 1962) has partially elucidated 
the problem. 

v.D. BOSCH, sch linger * HAGEN (1962) made further experiments (conf. sciiunger, 
hagen * V.D. BOSCH i960) with Tnoxys palhdus. According to earlier observations 
.Uffri/u eutJu was parasitized by Tr. poll, Jus only in laboratory rearing! and in 
ages in the field. How ever, later field observations have shown that even .U. costahs 
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Kg. 260. Unnatural host propagation. Above: Aphidius transeaspicus as a parasite of 
Hyalopterus prtuti on Phragmitcs communis (natural host, field). Below: A. transeaspicus 
reared on Aphis craccwora on Vicia faba (unnatural host, laboratory). 


and .V/. (aryae, species closely related to Chromaplus juglandtcola, were found to be 
free from the parasite. This is an excellent example of the difference between la- 
boratory and field environments with respect to unnatural host propagation, some 
still unknown factors occurring in the field that seem to restrict Tr. pallidus to 
Chromaphis juglandtcola, the Moncilia species being omitted. 

STARY (1964) : During the research on the biology of Aphidius megourac, a parasite 
of Megoura viciae, experiments were made to propagate Acyrthosiphon pisum as the 
unnatural host as the parasite seems to be an effective but unfortunately a strictly 
specialized species, its natural host being of low economic importance. 

STARY (1966) has summarized certain aspects on unnatural host propagation in 
aphid parasites. 

wilbert (1967) dealt with the propagation of Ncomyzus drcuniflexus and RJiopalo- 
tnyzus ascalonicus as unnatural hosts of Diaercticlla rapac in the laboratory. The lm- 
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munity responses of aphids against the parasite were observed to be specific. The 
apparently less developed mechanical defensive reactions were classified as being 
equivalent to strong physiological immunity reactions. 

stary (unpublished) made experiments on unnatural host propagation using 
Aphidtiu transcaspicus as a parasite. This parasite normally attacks Hyaloptcrus pruni 
and Lotigiunguis donads over its distribution area. Nevertheless, it was necessary to 
try to propagate new laboratory hosts to rear the parasite in masses because of a 
biological control program, the natural hosts being reared in the laboratory with 
certain difficulties. During the unnatural host propagation experiments Aphis fabae 
and A. craccivora were found to be useful, the latter host being then used in mass- 
rearing of the parasite and applied also to a host in artificial foci unit methods in a 
biological control program in Czechoslovakia. Parasite material reared originally 

fromH.pn»i/bothintheficldandIaboratory,andlatcron/l.rrarnVorainthelaboratory, 

was found to be reversible in action, i.c. the parasites reared for many generations on 
A. cracdvora in the laboratory were able to attack and successfully parasitize H. pruttt 
when liberated in the field (Fig. 260 ). The above experiments were based on the 
knowledge of the basic peculiarities of parasite host specificity. They show, simul- 
taneously, the significance of unnatural host propagation for a biological control 
program. 

stary (unpublished) also propagated Aphis cracdvora as the unnatural host of 
Dkcrctiella rapae, a parasite of Brevicoryne brassicae, in the laboratory. Only Fi 
progeny was observed to develop completely, further progeny not being produced 
owing to unknown reasons. The unnatural host mentioned is believed to be near or 
possibly also in the natural host range of the parasite. 

- List of parasite species. All the records on parasite species used in unnatural host 
propagation arc mentioned in this list irrespective of whether the propagation was 
successful or not. Detailed records can be found in the papers mentioned below. 
Aphidtus matricariac: Brevicoryne brassicac — Ceorcb 1957. 

Aphidius megourae: AcyrtUosiphon pisum— stary 1964. 

AphiJius transcaspicus: Acyrthosiphon pisum— star* (unpublished). Aphis craccivora— 
start? (unpublished), A. fabae- star* (unpublished), Me 0 our a Wriae- start? (un- 
published). 

Diacrcticlla rapac: Aphis craccivora— start? (unpublished), A. fabae— georce 1957. 
A. nasturtii— CtORCC 1957, Macrosiphum rosae— Ceorce 1957, Ncomyzns circumficxus— 
Wilbert 1967. start? (unpubl.), Rlwpaloinyzus ascalonicus — wilbert 1967. 

LysiphUbusfabarum: Brevicoryne brassicae— etouen 1957, Dactynotus picridis — teix^CA 
1950. 

Monoetonus crcpidts: Aphis sp. (on Epilobium) — CRinmis i960, Aulacorthum solani — 
CRlirmiS i960, BrachycauJus hehchrysi— CRiirmiS i960, Macrosiphum euphorbiae— 
GRimnis i960. My: us pmirae-CRimnis i960. Ncctarosiphon rufci-CRimTus 
Ncomyzus cirmmJfonu-cRurrnis i960, Silobtum a venae- CRinmis i960, Sitobiunt 
fraga/iae—cuiiTmiS i960. 

Ttioxys palliJus: Motulha cosiaiis—v. d. boscii, schuncer h jiagln 1962, TmocalUs 
caryaefoliae-sciiuticta, Hagek a V. d. boscii, i960. 

7 ‘f “r^d species. All the records on unnatural host propagation arc mentioned 
m this list irrespective of whether the propagation was successful or nor. Detailed 
records arc gnen in the review below: 


Atpihesiph 

(unpubl.). 


pisum AphiJius nugcuroe- stary 1964, A. transcaspicus— ***** 

■Yl" (unpubl.). Dumb.ll. up*:- sta»< (ui.pubL). 

Aph . I'*ucupuu,-, TA.Y (unpubl.), DumtolU upu.-cioi.ct 1917- 


Aphis nxsruti,, busundh 


rapae — CEORCE 1957. 



Aphis pomi : Parasites of Dysaphis plantaginea—EVENHUis & de jong 1961. 

Aphis sp. (on Epilobium) : Monoctonus crepidis— grifhths i960. 

Aulacortluun solaiti : Monoctonus crepidis — GRinmis i960. 

Brachyeaudus helichrysi : Monoctonus crepidis — grifhths i960. 

Brevicoryne brassicae: Aphidius inatruariac — GEORGE 1957, Lysiplilcbus fabarum— 
GEORGE 1957. 

Dactynotus picridts : Lysiplilcbus fabarum — telenca 1950. 

A/brrorip/iWM* cuphorbiae: Monoctonus crepidis— griimuIS i960. 

A/dcros/p/iUHi roMe: Diaeretiella rapae — geobge 1957. 

Megoura t'irfae: ziphidiuj mnucdspiVus — stary (unpubl.). 

Moncilia costalis: Trioxys pallidus—v. d. bosch, schlinger 4 hacen 1962. 

AfyrMs pcrsiVae : A/outir/omu crepidis— Griffiths i960. 

Nfr/arasipJjtw r«W; Afo/ioc/omu crepidu— grotiths i960. 

Neomyzus circttniflcxus : Diaeretiella rapae — wilbert 1967, stary (unpubl.), Monoc- 
totms crepidis— Griffiths i960. 

Rjiopalomyzus ascalonicus : Diaeretiella rapae — wiisert 1967. 

Sitobium ai'cnac: Monoctonus crepidis — GRinmis i960. 

Sitobium fragariae: Monoctonus crepidis— cRiirmis i960. 

Tuiocallis caryaefoliae : Trioxys pallidus—scHUNGRR, hacen a v. d. bosch, i960. 

trends. Various trends can be followed in unnatural host propagation : 

1. Laboratory propagation. An unnatural host is being parasitized by a 2 parasite 
under laboratory conditions. These conditions permit the change or at least modifica- 
tion of the environment purposely in many ways. 

This research trend was mostly accepted by various authors. 

2. Propagation in a greenhouse. Indigenous parasites may be used accidentally or 
purposely in aphid control m greenhouses. However, in greenhouses, an indigenous 
parasite can find a new host, besides the host controlled, and due to the pressure of 
restricted environment, it may attack and successfully parasitize it, although the 
aphid, would never be attacked by the parasite in the field, being dependent on 
greenhouse conditions exclusively (tropical species.) Example: In Czechoslovakia, 
we have used experimentally Diaeretiella rapae as a control agent against Myzus per- 
sicae in a greenhouse. However, another greenhouse aphid — Neomyzus ciraimflcMis — 
a typical species of tropical origin, was also rarely attacked and successfully para- 
sitized. 

3- Field propagation. A parasite species may be putposely introduced to control 
certain pest species in a given country. However, it may include also some new, 
alternative hosts, which otherwise would not be parasitized due to the existence of 
a certain barrier in the parasite distribution area. Example: Tnoxys pallidas was 
introduced into California to control Chroinaphis jiiglandicola. This aphid is its natural 
host in Europe, Asia Minor and C. Asia. However, in California, it accepted also 
another host — a new alternative host — Tuiocallis caryaefoliae, an indigenous Cali- 
fornian pest on Pecan. Although the aphid was originally propagated in the labo- 
ratory, there seems to be no doubt that it would be accidentally parasitized in the 
field too. 

4. Artificial parasitization means an implantation of a parasite egg or larva into 
an aphid. In this case, no natural oviposition occurs. In aphid parasites, implantation 
of a parasite egg was mostly applied, while implantation of parasite larvae does not 
seem to be used. 

5. Rearing on synthetic food. Synthetic food seems to be well grouped as a 
certain kind of unnatural host as \\c have to classify it as a “host” in host-parasite 
relations. 

No attempts to rear apliid parasites on synthetic food are known in the literature. 


221 



With respect to synthetic food, there seem to be two possible trends as to the un- 
natural host propagation: . _ 

1. Mass rearing of aphids on synthetic food and successive propagation ot paa- 
sites. Rearing of aphids on synthetic food is widely used in some countries. The 
successive propagation of parasites might be useful in mass-rearing of parasites to 
avoid the factor of host plant, as the latter may cause seasonal troubles m obtaining 

such material. - 

2. Direct rearing of parasites on unnatural food. This trend seems to be more ot a 

theoretical value with respect to the ascertainment of the composition of parasite 
food, etc. Such experiments usually are started with transferring a parasite egg into 
a given medium, so that all the factors connected with host-specificity of the parasite 
arc almost excluded. , 

_ selection OP host and PARASITE. A careful selection of material for unnatura 
host propagation is the first necessary step. Generally, w e start with the evaluation 
of a given parasite species that is to be propagated to an unnatural host (pest ap ). 
or we may start with the pest aphid and try to select parasite species as agents in 
unnatural host propagation. . . , 

The knowledge of host-spccificny of parasites and factors that influence it is t e 
basis in both cases. The host range must be known in the parasite species to have a 
general idea as to the taxonomy and ecology of its host aphids, about its occurrence 
in various habitats and microhabitats, etc. Naturally, geographic distribution is 50 
important m case the parasite has to be introduced and colonized m a given country. 
From this point of view the given unnatural host must be evaluated and compar 
with the natural host of the parasite. It is evident that such a comparison will cause a 
restriction of some aphid groups at least. For example, we should hardly try to use 
a parasite species in unnatural host propagation on Adrlgoid aphids, as this group D 
not parasitized by the aphidiids at alh Similarly, we should never use parasites o 
Cinaruic aphids, of Callaphidid aphids, etc., on other aphid groups as these P* ras “f* 
represent mostly strictly specialized groups that do not parasitize other aphids. Un 
the contrary, parasites of other aphids may cover several aphid groups in their host 
range, taxonomy and ecology of the aphids playing a different role al to their 
importance. Relatively widely specialized parasites seem to be more useful in un- 
natural host propagation, while more strictly specialized species will be useful in 
unnatural host propagation experiments using their closely related aphids only. As to 
the former case, w c can expect that e.g. Lysiphlebus falaium will attack various Aphis 
species and a number of other groups in unnatural host propagation as w ell due to its 
wide natural host range. Trioxys pailidus , on the other hand, can be expected to 
attack only some dcndrophilous Callaphidid aphids due to its relatively strict range. 

Similarly, a pest aphid belongs to a certain group of aphids. We must first of an 
evaluate the composition of its natural parasites to know whether they arc mostly 
strictly specialized to this group, or whether their host range is wider, etc. Parasitcs- 
agents in unnatural host propagauon are best found in parasite complexes attacking 
the species or groups related to the pest, various faumstic complexes being rather 
helpful ui this respect. 

After tlic species of host or parasite is preliminary selected to be used in unnatural 
host propagauon, more detailed research is undertaken to show the true relation 
between these organisms. 

— Techniques. Unnatural host propagauon experiments need a good deal of knowi- 
ng 6 °f the various peculiarities m host-paramc relationship. Wc hase tried to 
mention here at least some of them. 

— Manipulation of paraiite adults. Many parasites do oviposit in unnatural host* 



as well, without any peculiar behaviour. In such a case, there is no need of manipul- 
ating parasite adults except for the usual manipulating of environment in a cor- 
responding way (see: Opposition). However, it is necessary to mention the well 
known fact that opposition by a parasite is not necessarily an index to host suit- 
ability (bees, 19 39). 

In some parasites, the 99 do not oPposit in the unnatural host aphids, either 
ignoring them almost completely, or tapping them with antennae, or exliibiting a 
preopposition behaPour, the opposition not taking place, however. All these 
features mean that there arc some factors which prevent the 2 from oppositing. 
Therefore, the parasite 9 must be manipulated in a certain way to try to stimulate its 
opposition in the unnatural host. 

Under natural conditions there is no difference between mated and unmated 92 
as to the opposition. A similar behaviour can be expected to occur in cases of un- 
natural hosts as well. 

Younger 99 are known to oPposit more readily than the older ones. Water and 
food (honey) are further necessities. A parasite 9 must be supplied with water and 
honey before the experiment is started, otherwise its opposition stimuli are soon 
overruled by searching for water and later for food and opposition is broken or less 
intensive in consequence. 

Temporary absence of host aphid seems to be a very strong stimulus for a parasite 
9. One day’s absence of host aphids, in the presence of water and honey, is usually 
enough for parasite 99 to try to oPposit in each other, in empty mummies, etc. In 
consequence, they can also readily oPposit into unnatural hosts when added to 
parasite rearing cages. 

The possibility of oppositing in a single host aphid species with no preference 
possibility may be a strong stimulus to a parasite 9. Sometimes it is necessary to mix 
(see below) the natural and unnatural host species to stimulate the parasite op- 
position through the natural host, unnatural host being also attacked in sequence. 

In case of lack, of suitable host instars the 99 usually oPposit in the instars available. 
In this way, a selected instar of an unnatural host can be infested by a parasite. 

As the original mummies from which the $ parasites have emerged may have a 
certain role in host selection through odour, etc., it is recommended to take them 
out of the rearing cages, ?9 only being present in the cage with a supply of water and 
honey. 

- Manipulation o f host aphid. T he unnatural host aphid, being a part of the parasite 
enPronment, must also be dealt with in a similar way. 

A host aphid must sit and suck in the usual way on its host plant, such as a piece 
of leaf, stem, etc. To take aphids away from their host plants and put them into 
Petri dishes makes them move and search for food, and represents an unsuitable 
factor for parasite searching or opposition. Aphids are more easily attacked by a 
parasite when sitting and feeding on a plant; at least, it takes some seconds before 
they can escape as they must take out the rostrum from the plant tissues. Aphids 
reared in laboratory conditions, where there are weaker various stimuli such as 
movements of plants by wind, rain, etc, usually exhibit much more reactivity than 
under field conditions. Temperature in a rearing room is important, the aphids being 
less reactive under temperatures below their ecological optimum and more reactive 
if the temperature is higher. 

In some cases, mixed populations can have a stimulatory effect as to the attack on 
unnatural host, in other cases the parasites carefully select the natural host and omit 
the unnatural one (see: stary, 1964, Griffiths i960, 1961, george 1957, etc.). 

In certain cases, high density of unnatural host may cause its parasitization, although 
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pa sire, to bo tartly attacked by Lyslphkbu, •*££> » %£*£ £ 
licvcd possible that both the spoacs mamoned «- 

site only when in company with a more preferred host Ap g yp - ■ 

ampk observed is that of A P I,„ and the paras., C “ “ 

s riated to oviposit in .hi, apMd by the presence I. is 

aurantii, neverthcltss, the parasite faded to develop “mptely nt 
apparent that sumla, condition, might be created in the laboratory contnn 
order to favour the unnatural host. oossible to 

Where the natural and unnatural hosts are different m T’^'Jjder .emperamre 
make the mobility of one specie, lower through S^ thcn 

for some time, or to use a sbght anaesthc.mt.on b >' CO f Th ^ 7'“”“ ho(1 ■„ uie - 
be used quickly before these temporary influences disappear. This 4 

M riosvenng the mechanical defens, ve reaction, of an unnantral host aplnd (sraav 

^Different instar, of an aphid are known to reveal a “”^‘ ^"”^ 00^ 
Usually, higher instar, ate more sensitive .0 parasite attacks and erhib 
mechanical defensive reactions. For this reason, the most suitable instar 

selected for unnatural host propagation. „:„ C an unnatural 

Sublcthal doses of insecticide, might Iowa ihe immunity teaaions ot an unna 

-"uieroMitet. A microhabitat is often known to be of great importance as one of 
the factors determining the host range of parasites in nature. One host 
attacked in one microhabitat and ignored in another by the same parasite, 
reason, microhabitat conditions musl be created so as 10 be closely Sltmla 1 lx ' 
natural and iinnatural holts. It must be sttessed that also the kind of aphid ' V 
whether it b scattered or dense, can be important, the same as shady or open p 


on plants, etc. . , to be 

- Parasite stages. A parasite egg seems to be the most suitable parasite stag 
transferred into unnatural host body. Whether oviposited by a 2 or injected, 
transfer b not connected with remarkable influences on the host integument- o£ 
ever, the egg represents also a parasite stage which can be very easily dcstro) c >. 

the host through immunity reactions. Eggs can be obtained through the dissccuon ° 
parasite 2 reproductive organs, where they are usually found in a larger number i 
there was no opposition chance given to the 2 for about a day before dissection. 
Aphids arc usually anaesthetized wuh moistened CO2 when the parasite egg 
injected. , . r 

A parasite larva may also be transferred. This method for the time being is on *) 
a theoretical value but, in our opinion, it might show certain new relations wi 
respect to unnatural host propagation as the host might exhibit less or a v> eaten 
immunity to Living parasite larvae of different stages than to an egg or parasite 
embryo that starts to develop inside its body. Parasite larvae of different stages can 
be obtained through dissection of various host aphids. Special techniques must 
naturally be developed (w ashing of the larvae dissected in physiological solution, etc-;- 
Pupa, as v, ell as last instar larva, is found inside the dead mummified aphid, so 
that is docs not have direct significance m unnatural host propagation. Perhaps, 1 “ 



situation of mummified — natural hosts among the living unnatural host aphids 
could have a certain significance. 

The behaviour of parasite adults with respect to unnatural host propagation is of 
basic significance. Searching behaviour, preference of host species and host instars, 
oviposition behaviour, etc., is all of great importance, representing the relatively 
most natural part in an unnatural host propagation program. It seems probable that 
if there are strong adverse reactions of a parasite $ to an unnatural host, it will be 
difficult to acquire success, although the implantation of parasite developmental 
stages into the host body may be successful, as the latter case does not occur in 
nature. 

- Transferring of parasite developmental stages. Principally, three ways of transferring 
parasite stages into an unnatural host must be recognized: 

1. Opposition by parasite female. In many cases, 5 ? readily oviposit into an 
unnatural host. This feature makes the transference of a parasite egg inside the un- 
natural host body quite easy, however, care must be taken to ascertain whether the 
$ did actually lay an egg. To recognize whether or not an egg was laid, special 
methods were developed. These arc either microscopical (grih-iths i960, 1961), or 
through radioactive labelling. The latter method was used by ceorge (1957); there 
were no positive counts, however, as the level of contamination by radio-phos- 
phorus deposited in the egg was not sufficient to be detectable. 

2. Injection of parasite egg. In case there is no natural opposition into an unnatural 
host, it is necessary to transfer the egg into the host’s body in an artificial way. Eggs 
are usually injected mto the abdominal parts of the aphid body as these arc the most 
suitable for natural opposition too: there arc only some exceptions when the para- 
sites deposit their eggs mto a certain restricted part of the host’s body (nerve tissues). 

3. Implantation of parasite larva. In some cases, parasite larva can be implanted 
into the unnatural host aphid body. 

- Single parasitism, superparasitism and multiparasitism. Experiments on the influence 
of parasitizatiou in different mstars of alate and apterous aphid nymphs have shown 
that there is a different influence of single and superparasitism (johnson 1959). This 
might also mean that superparasitism (and multiparasitism) might also reveal dif- 
ferent effects in unnatural host propagation than single parasitism. 

A similar case seems to represent the sequence of attack by parasite 99 , whether it is 
simultaneous or gradual, if simultaneously at gradually several eggs ate or ate not 
laid, whether this is done by parasite 9? of a single or different species, etc. 

- reactions OF the host. Host resistance in its recent appearance is a result of the 
evolution of host-parasite relations. It originated m ancient periods of evolution of 
both groups, as this evolution was not parallel due to various changes and different 
responses of both groups to environment, today's relations disclose quite a number 
of different features that are also different in separate groups or species. The modem 
viewpoint on parasitism with respect to natural limitation keeps parasitism as useful 
for host aphid, as parasites (and other natural enemies) limit the population of the 
aphid in the frame of community equilibrium, protecting thus on the one hand the 
existence of the community, and on the other hand, preventing the aphid species 
from overpopulation with resulting destruction of food sources that could mean the 
elimination of the species occurrence m the area. As a result of this process, various 
degrees of specificity to different hosts have developed among the parasites. The 
host range of parasites attaches them more or less to a certain community and 
prevents the other parasites from taking part in the host-parasite relationship. Nat- 
urally, such relations arc only relatively constant, they develop m a similar way as 
the whole community. 
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Today, the resistance to parasites can be observed in two h „ 

, Mode of parasite attack. It is a reaction of the parasite 9 to the host. It rather 
complicated, starting sv.th the habitat findmg, host finding, host smtabdaty and ho> 
acceptance that result in the final act-the opposition of an egg into the host s 
body- however, such complicated opposition may not mean real smtahihty oft 
holt for parasite development (seel BESS 1939). This feature may seem p«hips ‘ 
what strange, however, as in adult behaviour it is believed to result possibly m new 
host parasitization and a wider host range. ,, of the 

A parasite 9 attack is successful in case the physical (mechamtal) 
host to the attack are not too strong. The host-parasite relationship, re g 

or less parasite adaptation to the host's behaviour, is the determining ■ 

2. Reaction of the host to parasite developmental stages. The j y 

parasite relationship is the reaction of the host aphid to the presence °f “™ f 

opmcntal stages. This reaction is much more selective m action than opposition 

resistance. Physical facors include on the one hand the I m.rphol- 
oeical-anatomical peculiarities of the host aphid (pubescence, mteg > 
covers) as well as defensive responses of the host to an attack of t e parasi 
Chemical factors include such features as odour, food-competmon. etc. 
Physiological factors, such as immunity reactions arc included in 6 P; 
(cellular or humoral encapsulation). Phenological factors include peculianc 

seasonal occurrence of aphids. . , , , nntriarv 

All these factors arc covered by the external environment, which plays the p y 

role in parasite specificity and naturally in host resistance as well. , . 

- Reactions of the host to different parasite stages. Reactions of the host ap 
attack of the parasite may principally be passive through the P rcscnc * V , hc 
wax covers, etc., or active, such as an active defence against the attack thro g 
movements of legs, running away, falling down from the plant, etc. In unna 
host propagation, the mode of parasite attack must be carefully .observed 
natural host and compared with that of the unnatural host as this is the factor 
will basically determine the first phase acceptance of the new host in the laboratory 
or field conditions. , , r 

Observations of various authors have shown that there are generally two Kin 
reactions of the host to the egg or parasite larva: s (the 

1. Cellular reaction — encapsulation. In this kind of reaction the products o 
blood cells of the aphid encapsulate the parasite embryo and isolate it from the supp y 
of food and oxygen. Encapsulation was observed in the propagation of Mouoctotw 
crepidis on Neomyzus circumfexus (cripfiths 1961) and in Diaeretiella rapae on Knop 
lomyzusascalomcus and partially on Neomyzus circumfexus (wilbert 1967) (Tables 9" , 0 /j 

2. Humoral reactions. In this case, the parasite embryo is influenced by chemi 

, . 1 . .. \ . . in 


2. Humoral reactions, in tms case, tne parasite embryo is mnuenttu uj . 

secretion inside the host's body. Humoral reaction is known to occur probab y® 
the propagation of Monoctonus crepidis on Aulacorthum solani , Macrosiphum euphor 1 


and Myztis persicae (Griffiths 1961) (Fig. 261-262). 

- Degeneration processes in parasites. These processes were examined m a comparative 
way by Griffiths (1961). who found that the rate at which these processes start to 
appear and the stage which the parasite reached before they set in vary in dincren 
species and also in different individuals of each species. Eggs of Monoctonus creptw 
were ascertained to develop in Macrosiphum euphorbias and Neomyzus circumfexus 
vigorously to the 24-hour stage, ui Myzus persicae and Aulacorthum solani, however, 
the development was arcested at an earlier stage (Fig. 261-262). . 

In unnatural host propagauon, it is rather important to know the intensity an 
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occurrence of degeneration processes in order to establish the degree of host im- 
munity to a certain parasite. 

- Relations between host reactions, wilbert (1967) noticed that in the case of propaga- 
tion of Rhopolomyzus ascalonicus and Nieomyzus circuntflexiis as unnatural hosts of 
Diaeretiella rapae botli the aphids exhibited relatively low mechanical reactions 
(encapsulation). According to Wilbert’s opinion, which seems to be well justified, 
there occurs apparently a certain compensation between the intensity of various 
kinds of reactions: in the case mentioned, mechanical reactions arc low because of 
strong physiological reactions (Tables 9-10). 

- Influence of host resistance on parasite. Host resistance generally results in the host 
range of a parasite species. However, as is known, in this host range the true hosts of 
the parasite are included, i.e. such hosts that do not show resistance to the parasite in 
favourable environments in the parasite distribution area. However, various features 
such as geographic distribution have caused that there occur also so-called potential 
hosts, that might also be successfully parasitized by the parasite and fall within its 
host range if they were not separated in nature. Unnatural host propagation, there- 
fore, may deal either with the study of how to overcome the resistance of certain 
hosts, or, on the other hand, to search for a potential host of various parasites. 

- parasite adaptation. Parasite adaptation to an unnatural host may be relatively 
irreversible or reversible. In the case of an irreversible adaptation, a strain or race is 
developed under laboratory conditions that does not attack or at least docs not prefer 
the natural host both in the laboratory and field conditions. For the time being, we 
are not aware of any examples of such adaptation occurring among the aphidiids. In 
the case of reversible adaptation, the adaptation of a parasite population on an un- 
natural host is only temporary and the parasite again attacks the natural host if it has 
a chance to do so, the unnatural host may or may not be attacked if given a chance of 
selection. We can mention several examples, such as Trioxys pallidas — Mouellia 
costalis and Tinocallis caryaefoliae, Aphiditis transcaspicus — Aphis craccivora, etc. 

Host acceptance and suitability best show the degree of parasite adaptation to an 
unnatural host. Several cases are recognized: 

1. The host is entirely ignored by the parasite. There is neither oviposition, nor 
development of the parasite in the host (sec: George, 1957). 

2. The host is partially ignored by the parasite ; occasionally, eggs may be deposited, 
but development does not occur (see: George, 1957, stary, 1964). 

3. The host is accepted by the parasite. There is oviposition, but development of 
the parasite does not follow due to strong immunity reactions of the host (see: 
Wilbert, 1967). 

4. The host is accepted by the parasite. Oviposition occurs. There is an incomplete 
development of the parasite; it usually dies during larval development (see: 
GR1THTHS, 1961). 

5. The host is accepted by the ?, oviposition occurs. There is a complete develop- 
ment in a part of the parasite population, and incomplete development in another 
(see: wilbert, 1967). 

6. The host is accepted by the $, oviposition occurs. The development is normal 

under laboratory conditions. Example — Aphiscraccivora,A.fabae. 

7. The host is accepted by the $. Oviposition occurs. The development is normal 
under laboratory conditions and in the field, the host, however, is not attacked under 
field conditions except when caged. Example: Trioxys palhdus — AfoiicKia costafo. 

8. The host is accepted by the $. Oviposition occurs. The development is normal 
both under laboratory' conditions and in the field. The host is attacked botli in the 
laboratory and in tile field. Example: Trioxys pallidas — Tinocallis caryaefoliae. 
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Fig. 261. Development of Monotlonus ctepidts (■= pdludum) in its true host, Nasottovta 
nfjis-nigri. A - immediately after attack, c - nerve tissue cortex, c - parasite egg, m " 
nerve tissue medulla, sp. - space separating parasite from nerve tissue of host. U - 
6 hours after attack. The nuclei can be seen around periphery of the egg. C - I* hours 
after attack. The cytoplasm has by now divided to produce a segmented embryo. 
D - 17 hours after attack. The serosa ($) can be seen separating off as a flattened layer of 
cells to the outside of the embryo. E - 20 hours after attack. The serosa (s) surrounds an 
embryo v, hich consists of columnar cells (cm c ) arranged about a central cavity (cav). 
F- ditto, columnar embryo cells. G - 36 hours after attack. The parasite embryo has 
now come to lie adjacent to the nervous tissue, suspended in the sac-hkc serosa (*)• 
The central cavity is now surrounded by a layer of cells 2 to 3 cells deep. H — ditto. 
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Parasitized aphids 


No. 


No. 

Aphid species 

No. of 
aphids 

dissec- 

ted 

No. 

% 

normal 

larvae 

encapsu- 

lated 

eggs 

1 

N. circumflexus 

70 

70 

5*5 

80 

2 

87 


M. persicae 

70 

13 

JO 

77 

13 

0 

2 

N. circumflexus 

70 

62 

37 

60 

0 

64 


M. persicae 

70 

26 

35 

96 

41 

0 

Total 

N. circumflexus 

140 

132 

93 

70 

2 

151 


M. persicae 

140 

39 

35 

90 

54 

0 


Table 9. Encapsulation of larvae of Diacrcticlla rapae by Neomyzus cirawtJJexus. 

(wilbert, 1967 ). 


Parasitized aphids 


No. 


No. 

Aphid species 

No. of dissected 
aphids 

No. 

% 

normal 

larvae 

encapsu- 

lated 

eggs 

1 

Rh. ascalonicus 

50 

43 

33 

77 

0 

57 


M. persicae 

50 

10 

9 

90 

16 

0 

2 

Rh. ascalonicus 

50 

40 

6 

15 

0 

6 


M. persicae 

50 

36 

16 

44 

17 

0 

3 

Rh. ascalonicus 

40 

31 

10 

33 

0 

11 


M. persicae 

40 

33 

9 

39 

18 

0 

4 

Rh. ascalonicus 

100 

50 

29 

58 

0 

48 


M. persicae 

100 

36 

15 

42 

17 

0 

Total 

Rh. ascalonicus 

240 

164 

78 

48 

0 

122 


M. persicae 

240 

105 

49 

47 

68 

0 


Table 10. Encapsulation of eggs of Diaerctiella rapae in RJtopalomyzus ascalonicus. 
(wilbert, 1967). 


embryo cells at 36 hours. I - two days after attack. Parasite embryo lying in body 
cavity of host, surrounded by serosal envelope (s). J - ditto, embryo cells at two days. 
K - 2-3 days after attack. First-instar larva which has now freed itself of its serosa., 
<La.e. - degenerating aphid embryo; cLa.p. - degenerating aphid adipose tissue; p.I. - 
parasite larva; s.m. — serosal mass (redrawn from gruhths, 1961). 
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Fig. 262. Abortive development of Monoctonus crepidis (= paludum) in AuUcorlhunt 
solani. A - immediately after attack, c - nerve tissue cortex; e - parasite egg; m - nerve 
tissue medulla; s — space separating parasite from nerve tissue of host. B — II hours 
after attack. C - 24 hours after attack. D - 2-3 days after attack. Degenerating parasite 
embryo still lodged within nervous tissue of its host. E - ditto, parasite embryo cells in 
Aulaforthum solani at 2-3 days, showing vacuolisation of the cytoplasm and disorgani- 
sation of the nuclear material. 

Abortive development of Af. errpidts (= paludum) in Neomvzu, tircumfiexus. F - 
x 7li hours after attack, p e. - segmenting parasite embryo; s.c. - scattered capsule 
tissue. G - 24 hours after attack. Development of capsule around parasite embryo, b.c. 
-blood cells of host; c - capsule, p.e. - parasite embryo; s - serosa of parasite; tis. - 
tissue formed by coalition of blood cells of host H - 36 hours after attack. The capsule 
has by now spread around so as to enclose, almost completely, the embryo, which ha 
not increased at all in size over the 24-hour condition. I - two days after attack. The 



For the time being, we have rather poor information on possible changes in para- 
site bionomics and ecology. For example, we have observed different egg dispersal 
in Aphid ins transcaspicus, when ovipositing in the unnatural host, Aphis aaccivora, 
this being probably a feature caused by different apliid responses to parasite attack 
than in the natural host, Hyalopterus prutti. 

There is no doubt that there will necessarily be a number of parasite adaptations 
to the unnatural host biology in the field also. 

- laboratory AND field environments. Laboratory conditions enable us to con- 
trol the environment in various ways with respect to unnatural host propagation. As 
to the host specificity phases, at least host habitat finding and host finding may well 
be replaced through laboratory conditions, the other phases being possibly modified 
in some way. The creation of favourable conditions in the laboratory may result in 
successful propagation of a host apliid as an unnatural host of a given parasite. We 
know today a number of such examples and they will be more numerous after 
further research is undertaken. 

As we have mentioned above, unnatural host propagation can be basically directed 
into two ways : First, an unnatural host is propagated for laboratory purposes such as 
mass-rearing, etc., and, second, an unnatural host is to be attacked by a parasite both 
in the laboratory and in the field. In the latter case, results obtained in field con- 
ditions are the only ones that may show whether unnatural host propagation was 
successful or not. An illustrative example is mentioned by v.d. bosch, schunger & 
hagen (1962): Two unnatural hosts of Trioxys pallidtis, an introduced speaes in 
California, were propagated, Le. Moncllia costalis and Tiiiocalllis caryaefoiiae. The 
first species was successfully propagated under laboratory conditions and in the field 
only if caged, it was, however, attacked by the parasite in the open. The second 
aphid was successfully propagated as an unnatural host both in the laboratory and in 
the field. 

- biological CONTROL. In certain trchds of the biological control program the 
possible reversibility to natural host of a parasite reared on unnatural host is required. 
This is for instance if an unnatural host is used in parasite mass-rearing, where it 
serves only as a laboratory host. However, there is a well known tendency among 
parasites to develop strains preferring a host on which the given parasite population 
developed. In such a case, rearing of a parasite on an unnatural host could result in 
failing to parasitize Us natural host when the parasites are hhetated. in. the field. From, 
the mentioned point of view, this parasite adaptation as to host preference must be 
avoided. If this tendency is ascertained, it would perhaps be the best to change the 
natural and unnatural host for a certain number of generations to rear on, to prevent 
development of unwanted host preferences in the parasite population reared. 

In our experiments with Aphidins transcaspicus, a parasite of Hyalopterus pruni and 
Longiuuguis donacis in nature, the parasite was found reversible when liberated in the 
field, although reared on Aphis craccivora for many generations in the laboratory. Or, 


capsule now extends right around the degenerating parasite embryo, and small pieces 
of the capsule which have broken away during sectioning (c. pla.) are of about the 
same diameter as the cells which formed them; e.c. — degenerating embryo cells. J - 
ditto, a large piece of capsule material which has broken away and which shows the 
essential ccllularity of its structure. K - four days after attack. Degenerating parasite 
embryo. There has been no change over the two-day condition and the embryo cells 
have not become shrunken (redrawn from grifhths, 1961). 



another example of Trioxys pailtdus in California can be mentioned (schlingeh, 
HAGEN & v.d. BOSCH, i 960 ). This parasite was reared, besides on its natural host 
Chromaphisjughmdicota, on Tinocallis caryaefoliae, and was found to attack both hosts 

In other eases, the irreversibility of parasite strains reared on an unnatural host is 
just required. This is, for example, the ease of a parasite species used in unnatural host 
propagation, that arc propagated on a new host — the pest aphid— although originally 
they attacked an economically indifferent species. The basic task of the unnatura 
host propagation here is to develop a relatively fixed preference for the new (pest 
aphid) host. ... 

1. Propagation of effective parasites of economically indifferent aphids on p« 
aphids is a rather extensive trend and perhaps one of the most significant as to t e 
future outlines of unnatural host propagation. Geographic distribution, the 
ancy of species namely, might serve as one of the basic sources of selection o t e 
material: species of various faunistic complexes arc often known to attack re t 
aphids, their introduction and propagation might be useful. Some examples may e 
found when comparing the specific composition and host specificity range o t c 
parasites occurring in the complexes of the Far East and Europe. 

2 . Simultaneous control of several pests, natural and unnatural hosts, by intro- 
duced parasites, A wider host range of an introduced parasite species gives ut a 
possibility to include new hosts in its host range in the country of establishment, or 
example, Trioxys paliidus was introduced into California as a control agent 0 
Choinaphis juglaiidicola, an introduced pest aphid on Juglans, however, the parasite 
species was successfully propagated, both in laboratory and field, on Tiitoca is 
caryaefoliae, an indigenous pest aphid on pecan (hickory) (v.d. bosch, sCHUNCE* * 
HAGEN 19<S2). 

3. Control of native pests by introduced parasites of alien species and genera. 

Native pest aphids can be generally controlled, as to the introducing of species, by 
other parasite species tliat attack the same host aphid in other countries, or by the 
parasites that attack alien aphid species or genera in another country. The latter 
trend in biological control is generally propagated by pimento. (1963)- Unnatural 
host propagation is necessary in the second case mentioned. Again, geographic dis- 
tribution criteria (faunistic complexes) might be most helpful. More widely or 
rather widely specialized parasites seem to represent good subjects. f 

4. Alternative hosts of introduced parasites. It is well known, the absence o 
alternative hosts of introduced parasites represents one of the factors that may cause 
a failure in the permanent establishment ofa parasite in a given country'. Alternative 
hosts arc rather important for a parasite species introduced to survive the possible 
periods of unfavourable conditions (temporary absence of its main host, etc.). 
Naturally, the host range of the parasite introduced and the composition of aphid 
fauna of the country arc the basic factors that arc important for unnatural host 
propagation. For example, AphiJius smiihi was successfully introduced in California 
to control Aryrthosiphon pisum. Although this aphid is an mliabitant of percnn«‘ 
communities (alfalfa fields), which is useful for its occurrence, it would be more 
suitable if the parautc could find certain alternative hosts in the environment as " ell* 
In Czechoslovakia, " here experiments on the establishment of AphiJius smiihi has c 
also been undertaken, we expect, so far as field experience shows, that the introduced 
parasite "ill attack various other Acytthouphon species in a similar "ay as the oatt'C 
parasite, Aphdiut m i, does. Unnatural host propagation in the laboratory could be 
hc.pfu] muse “unnatural hoit propagation" would not occur in field conditions in a° 
accidental way. 
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5. Mass-rearing of parasites on an unnatural host is a commonly used practice in a 
biological control program in ease the natural host is reared with difficulties, or 
in case the parasite is planned to be used in the control of its unnatural host in the 
field. For example, we have used successfully Aphis craccivora as unnatural host in 
laboratory mass-rearings of Aphidiits transcaspicus, an introduced parasite to control 
Hyalopterus pruni in Czechoslovakia. 

Besides the above mentioned significance in applied research, unnatural host pro- 
pagation may be also classified as being useful for basic research. Degree of immunity 
reactions of unnatural hosts to different parasite species, unnatural range of host 
specificity of various parasite species, etc., all this is helpful in understanding the 
peculiarities of host specificity of parasites with respect to the evolution of the group 
as a whole. 

REFERENCES. 46, ss, So, 88, 129, 131, iji, 158, 241, 273, 290, 294, 305, 34r, 34«5, 365, 
450, 476-8, 499, 517, 532, 597, 605, 705, 740, 865-6, 896, 935, 966-7, 984, ioor, 1003, 
1004, ioio, 1025, 1051, 1121, 1125, 1141, 1163, 1190, 1213, 1219, 1293, 1306. 

Iutraspecijic Relatiotis 

The occurrence of a species in nature is regulated by a vast number of various factors, 
both internal and external. These phenomena arc rather complicated and conse- 
quently we can deal only with some of them. 

Internal relations within a parasite species seem to be the key position to the under- 
standing of further relations of this species to the whole environment. 

- various deveiopmental STAGES. Competitive relations among the parasite adults 
seem to be relatively rare. They can be observed commonly among the 33, if they 
simultaneously try to mate the same $; however, the first <J that succeeds m tapping 
the 9 with its antennae and climbing on Us back is also usually the successful one in 
mating. Two or three 33 may often be observed gradually climbing on the back of 
the first 9 and trying to mate as well. This happens under conditions of high 3 
density, in laboratory rearings for example, otherwise, under natural conditions, 
several 33 rarely try to mate the same ? simultaneously, as usually the first 3 is suc- 
cessful and the once mated 9 refuses to be mated for tbe second tune by the same or 
other 33- Therefore, such a competition among the adults is relatively rare in nature 
and it is completely lacking in deuterotokous and thelyotokous species or populations, 
due to their mode of reproduction. Another kind of competitive relation seemingly 
occurs among the ovipositing $$, when two or more $9 try to oviposit the single 
host aphid simultaneously. However, according to our observations, such a case may 
be found practically in laboratory rearings under high parasite densities and even 
then the 99 seem to ignore each other, the possibly adverse relations being over- 
whelmed by the ovi positional instinct. Competition could also take place among the 
parasite adults with respect to source of food, the honeydew, but the amount of 
honcydew present in an aphid colony seems to cover tbe necessary supply in nature. 

According to observations of various authors no competitive relations seem to 
occur among the parasite eggs (sec below). 

Larval stage is the parasite stage in which the apparent competitive relations may 
be recognized with respect to parasite embryos or lower instar parasite larvae. This 
kind of competition is deal t with below {superparasitism) in detail. 

In case of competition among several parasite developmental stages, a single pupa 
is the result of successful competition of one parasite larva that completed its dcvclop- 
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mcnt and eliminated its competitors. Being a single one within a mummified aphid, 
H has no competitive possibilities either. , - 

- SUPERPARASITISM. Superparasitism was commonly recognized in a number o 
parasite species both in laboratory and field conditions, by a number of authors, some 
of them being mentioned below: 

In field samples, hafez (1961) when dissecting several thousand Dremoryne bras- 
sicae found, at the maximum, 13 first instar larvae of Diaeretiella rapaem one aphid. 
The undermentioned authors give the following numbers of parasite developments 
stages to be found in a single aphid: schlincer * hall (1961) maxima y 10, o ten 
2-3, for Trioxys couiplanatus. stary (1963)— commonly 2-3, for Aphtdius ew, 
Arthur (1945) — sometimes 6-8, for A. avenae. beirne (1942) maximally 6, o ten 
2 - 3 , for Praon volttcre, ullyett (i 93 8 ) — I - 8, for Diaeretiella rapae. , 

In the laboratory, superparasitism was caused cither purposely or accidentally in t e 
rearings. The following records may be mentioned: schlincer & hall (196°) not 
common, for Praon exoletum. stary (1964. 1966)— maximally 6, for Aphidius megourae. 
wiackowski(i962) — maximally 13, for A. smithi. force & messenger (1965) maxJ 
mally 3 1 , for Trioxys couiplanatus. 

salt (1961) summarizing the knowledge on competition among insect parasites, 

recognized 4 basic types of competition among the solitary internal parasites. 
Deliberate physical attack, physiological suppression, accidental injury, and selective 
starvation. The first two kinds were mentioned as occurring in the aphid parasi c . 

In case of physical attack, the supernumerary larvae arc eliminated by the sur- 
viving larvae through the use of mandibles. However, physical attack was mentionc 
as being used in first instar larva only, as this is the instar that exhibits large an 
strong mandibles in the Hymcnoptera. .. , 

In case of phy siological suppression, the supernumerary parasite larvae arc killc 
by the surviving larva without any marks of violence on them. Various reasons# 
such as secretion, respiratory requirements, food, etc., were mentioned by various 
authors. 

According to tremblay (1966) we can divide all the opinions of various authors 
into three groups. It is necessary to add, that with respect to salt (1961)# * 1*® ^ st 
group is identical with physical attack, while the second and third groups may be 
included under physiological mechanisms of salt. 

1. Mechanical, either purposely or accidental: Arthur (1945), broussal(i 9^31» 
LOPEZ CRISTOBAL (1946), VEVAI (1942), WEBSTER & PHILLIPS (1909, 1912), WHEELER, 
(1923). 

2. Lack ofoxy gen and food: hartley (1922), wiACKOwsKt{ig62). 

3. Enzymatic; Johnson (1959), mackauer (1959), millan (1956), spencer 

TlMBERLAKE(l9I0). 

Various other authors observed the occurrence of superparasitism under various 
conditions, but they cither did not pay attention to its mechanism, or they explained 
U only generally, according to most opinions of vanous authors: ARTHUR (l945J. 
BEIRNE ( 1 942). IORCE ft ME55ENCEU (1965), HArEZ ( 1 96 1 ). MACGILL (l 923), SCHLINGEB * 
HAtL (i960, 196l), STARY (1964. I966). SU8BA RAO & SHARMA (1962), ULLYETT (l93 S )« 
etc. Generally, a somewhat detailed study on parasite bionomics includes also a short 
note on superparasitism. 

The apparently most summarizing and widely experimentally founded paper ha* 
been published by tremblay (1966). whose conclusions are mostly followed m thn 
book. 

Fust and higher imtar parasite larvae exhibit somewhat different effects as to the 
competitive relations to other parautc developmental stages present in the aphid. In 
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fig. 263. A section through Aphis fabac (apterous virginoparous 9 ) containing three 
larvae o£ Lysiphlebus fabarum (L,, L 3 , L 4 ) and various degenerating embryos of the same 
species in various stages (E). L 4 larva is hyperparasitized by a larva of Charips sp. (C). 
CP — pseudoscrosat cells, 1 — rests of intestinal part of alimentary canal of the aphid. 
Mi-rests of aphid mycetoms. The remaining part of the aphid body is occupied by 
enormous cells deriving from the embryonic envelopes of L 3 and L 4 (trembiay, 1966). 


the presence of a first insur parasite larva, the competing embryos whether just at 
the beginning of their division or in more advanced stages were constantly found in 
degeneration ; the simultaneous degeneration of numerous young host embryos was 
also observed. In the presence of a mid-stage parasite larva, the coexisting parasite 
embryos showed a normal aspect when in their early embryogeny, while having a 
degenerative appearance when very advanced in development (Fig. 3 J- u vr 

of coexistence was greatly influenced by the size of the host. 

According to tremblay (1966), the mechanism of competition among the vano 
developmental stages of parasites inside an aphid is a combination of physio ogica 
and accidental mechanical injury. , ■ 

The newly hatched larva diffuses into the host’s haemolymph some cytolopc 
secretion, which visibly affects the young host embryos and, concurrently, every 
competing embryo of the parasite itself. The secretion has no durable effect and tnc 
older parasite larvae show no capacity to induce the sudden degenerative c ges 
attributable to the newly hatched ones; the elimination of the competing em r>os, 
in the presence of a developed parasite larva, is achieved by subtraction of su stances 
or elements essential to life (physiological suppression). Other conditions occur 

which the elimination is achieved by accidental physical injury. 

As to mechanical injury, we should like to add that several authors either oun 
the mandibles of other instars in the guts of higher instar larvae (vevai, 19 > 
Arthur 1945), or they directly found a parasite larva with its mouthparts attac . 
to another larva (force & messenger, 1965) or feeding on it (schunger & hail, 19 b 
trembiay’s opinion (1966) is that parasite-host dimensional ratio has a decisive 
fluencc on the realization of the conditions determining the occurrence of p >*" 
iological suppression or accidental injury. , 

There is a final effect of superparasitism as a competitive relationship among 
parasite larvae of the same species within a single host aphid: Only a single parasi 
larva, the most powerful competitor, owing to various reasons, survives and succ 
fully completes its development. This conclusion, irrespective of various opinions on 
the mechanisms of competition, has been uniformly supported by all authors. 
-Factors. I. Geographic distribution can restrict the host range of widely spcaa 
species to a considerable degree in certain parts of their distribution area. This mig 
also have an influence on the occurrence of superparasitism (see below). 

2. Seasonal history. In certain periods of seasonal history of host and parasite t 

density ratio may change for the parasite, so that a higher degree of superparasitism 
can be observed. This seemingly is the period when the parasite population becomes 
high but lias no t yet dispersed to the neighbourhood. , 

3. Host range. Widely specialized parasites might seem to have a better chance o 
avoiding superparasitism than the strictly specialized species, as they can find other 
suitable hosts in the environment in case of a too low host population, which the 
specialized species cannot do. However, the observations of various authors show 
that this factor is overruled by the dispersal and other regulating factors (action ot 
hyperparasites. etc.). Superparasitism was observed both in strictly specialized speacs 
(parasites of Therioaphis tnfohi m California, sec : schunger a hale, i960, 1961) ^ 
in widely specialized species (sKBimiiiNSKV, 1930, stary 1966, etc.). 

4. Hostspecies preference The host species included in the host range of a parasite 

species differ from each other in a certain way. These differences may or may n0t 
change during the season. 

One of such differences is the type of colony in which the aphids occur as well as 
1 c ^ax-cos-cr, etc. For example, on Brassica crops, in a certain part of the season 
BrtvUorjne brassicat colonies are rather dense and the aphids produce rather strong 
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wax covets. Oa ike same plants, Myzus psrsicae occurs as well, whose colonies ate 
more dispersed and they liardiy produce any wax cover. Both species arc parasitized 
by Diacretiella rapae, however, apparent preference can be noticed and tliis could 
lead also to a stronger superparasitism in case of lower density of the preferred 
species. 

5. Host instar preference. Parasite $? of various species are generally known to 
exhibit a host instar preference. Under certain conditions the preferred instar may 
be less numerous so that more $$ arc concentrated to those preferred instars, although 
the total density ratios may seem favourable. In consequence the instar preference 
may cause a higher degree of superparasitism. 

6. Discrimination of parasitized and non-parasitizcd hosts. $? of some species do 
not distinguish living parasitized and non-parasitizcd aphids, which they themselves 
or other ?? had already parasitized, for example, Trioxys complaitatus (schlinger & 
hall, i960). Other species exhibit a certain degree of discrimination ability. Numer- 
ous observations can be mentioned (see; Host specificity). 

7. Density of populations. Relations in host-parasite population density are often 
the cause of superparasitism. Superparasitism is a feature of a case of too Iiigh a para- 
site density. 

8. Searching ability is different in various species. Some parasite species are able to 
find hosts even in the case that they are very rare ; other species are not. If the parasite 
density is favourable, high searching ability is useful to enable the parasite to find its 
host even at a very low density, although under high parasite density and low host 
density the high searching ability leads to a high degree of superparasitism. This 
phenomenon can well be observed in the laboratory rcanngs. 

9. Opposition behaviour of parasite female plays an important role in super- 
parasitism, for example, in connection with host specificity features. Great differences 
can be found among the various species of parasites in this respect. Moreover, op- 
position behaviour is deeply influenced by a number of various factors such as host 
suitability, the opposition chances, etc. (see Opposition). 

The long absence of the host, i.e. a long period where there is no chance of ovi- 
positing, is rather a strong stimulus to a parasite 9. Later, when the host is present, the 
rather stimulated opposition urge forces the ? to oviposit very rapidly so that often 
one and the same host specimen is attacked several times at very brief mtervals. This 
phenomenon was observed by many authors and confirmed by our own observa- 
tions. 

The number of eggs laid during each insertion of the oPpositor is also important. 
Although usually a single egg is laid at each insertion, the depositing of no eggs 
being less common, there are cases known when the parasites laid two or several 
eggs during one insertion, schlinger & hall (1961) found as much as nine first 
instar larvae and one second instar larva of Trioxys cotnplanatiu after 76 hours, 
although the Therioaphis trifolii aphid was stung only once by the parasite. 

10. Physical reaction of the host to parasite female attack. Some aphids exhibit no 
physical reactions as a response to parasite attack: in this case there is a greater pos- 
sibility for such aphids to be superparasitized. Other aphids, on the contrary, exhibit 
strong adversory stimuli, they sometimes try to escape, etc., which sometimes can 
make a further oviposition impossible, preventing simultaneously superparasitism as 
well. 

1 r. Reproductive capacity. Species with a high supply of eggs appear to manifest 
a greater degree of superparasitism under certain conditions than the species where 
the supply of eggs is low. This is, however, a factor that is rather influenced by other 
factors, such as oviposition behaviour, searching ability, density ratios, etc. 
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No. eggs per host 


Number of hosts 



Table u. Frequency and degree of superparasitism produced when three? parasites 
attack hosts in small vials at two different constant temperatures. Data arc proportions 
of too hosts parasitized with the indicated number of eggs. Parasites: Praon exoletum 
(= pahtans), Triexys eomplanatus (— units), (force tc messenger, 19155). 


12. Temperature was recognized to have a great influence on the degree oCsupcr- 
parasitism. force & messencer (1965) showed that when three Praon exoletum 9 ? were 
allowed to oviposit together for 24 hours in 50 hosts at 2i°C they each laid the same 
average number of eggs as did a single ? ovipositing in the same number of hosts, as 
a great degree of supcrparasitism resulted from such crowding. Higher temperatures, 
which arc less favourable for the parasite such as 27°C, caused Jess eggs to be laid per 
unit of time, but still a moderate amount of supcrparasitism occurred. Cooler 
environments reduced parasite motility and caused the 9? to attack nearby hosts over 
and over again. 


A! the lcl»pcraru« requirement. arc .pccifically condmoncd, the ..me tempera- 
mrc condition, influence the p.r..i,c and ,he degree of .upcrpan.ltilln in different 
"“>*• £x P c " mcn,! undertaken by ro»CE a, messengh. w„h Preen raalruun and 
" 21 C “ d 27 ° C eondmon. (Table n) ifln, 


natmaPcrniditioiu 'wnh > the “f iS"™ ^ ‘“P"? 3 ™'"”: Vf" 

and parasite populations? ’ ^ can bc ^favourable density ratios of host 

was ssmtSs t such as a rcaruig ^ w rasi r 

best be obtained .W„ u t0 n rat ^ Cr common. Supcrparasitism, too, may 

s *-* — - * 

reduces the £uTof i, nnm‘ hCr mtUraI cncm,c * Tfi e action of lijpcrparasitcs 
probability of lupcrparasitmn throuc^ P ° puL ‘ l,on a,,d “uses simultaneously l«s 
rcadung overpopulation numbers ^ prCVcmm S thc P nnur y parasite population 
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15. Insecticides may influence host and parasite in various ways. Selective in- 
secticides may substantially reduce the host population, while the parasite population 
is reduced to a much lower degree. In consequence, unnatural density ratio appears. 
Before such conditions are changed due to parasite dispersal, etc., superparasitism 
could be observed in a given treated plot. Although we have numerous observations 
of various authors on the effect of insecticides at hand (see: Integrated control), 
similar observations on superparasitism seem to be missing. 

The factors mentioned above can be divided ui two groups, extrinsic and in- 
trinsic. The relations in and between both the groups are different, their prevalence 
being dependent on the given species. 

An example illustrating such relations: climatic conditions of a given area in- 
fluence the seasonal history of host and parasite species. Host and parasite density 
relations influence the degree of superparasitism. Temperature conditions, however, 
influence density ratios, oviposition behaviour of the parasite, its searching ability, 
host reactions, dispersal, etc. 

- Influence on the parasite. A final result of superparasitism is that only a single 
larva survives and successfully completes its development. The survival of this single 
larva is possible by its successful competition with the other larvae that are super- 
numerary with respect to aphid-parasite relations. Therefore, the influence of the 
mentioned larva on the supernumerary larvae is lethal. However, superparasitism 
has also an influence on the surviving larva itself. According to observations of 
force & messenger {1965) the surviving larva of Praou exolctum was found to develop 
more slowly than larvae of the same age developing in non-superparasitized aphids. 
The authors consider this fact possibly because the supernumerary larvae during the 
time that they live within the host, usurp valuable nutrients, oxygen, or other 
physiological necessities from the eventual survivor. 

- Influence on the host. For the time being, two mfluences are known of super- 
parasitism with respect to the host: 

spencer (1926) mentioned multiple oviposition as having no apparent effect on 
the superparasitized host except where the aphid has been oviposited many times, 
where a slight sluggishness is manifested. 

JOHNSON (1959) observed superparasitism to exlubit, in some cases, a different 
influence on the host than in the case of single parasitism. Such differences were found 
in superparasitism of higher instar of aprertform versus alar jform nymphs ( Aphis 
craccivora — Lysaphidus platens is). 

- Significance. Superparasitism may be classified from the two following points of 
view, with regard to the species itself, and with respect to the community. 

In some species, superparasitism due to poor discrimination of parasitized and 
noil-parasitized aphids seems to be a common intrinsic phenomenon. It occurs here 
without any pressure of the environment, consequently, it can be classified as a 
wastage of eggs. Nevertheless, this kind of wastage is not entirely complete, as 
superparasitism can also mean a greater probability of parasiuzation than a single 
parasitism. In single parasitism, as we have already mentioned, eggs may or may not 
be deposited during each insertion of the ovipositor, while a repeated insertion can 
mean cither an egg to be really deposited, or superparasitism. While this function of 
superparasitism as an intrinsic phenomenon seems to be a relatively rare one, its 
main role, as an extrinsic phenomenon, seems apparently to be in reducuig the para- 
site population density in case the host population is too low and the parasite density 
could increase with corresponding adverse later effects as to the survival of a parasite 
population in a given community. A third, and somewhat adverse effect of super- 
parasitism seems to be in its mechanism, as the oldest larva present m the aphid is the 
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successful competitor, while at the same time, it need not be the best progeny. 

As to the community, superparasitism may be important as one of the mechanisms 

regulating the parasite population density. , , 

- BIOLOGICAL CONTROL. Superparasitism as a factor of specific value must be classified 
as an adverse character in parasite species biology, in introduced species namely, as it 
reduces the parasite effectiveness through the wastage of eggs. 

Superparasitism caused by environmental factors must be classified with respect to 
these factors within the frame of the whole community studied. 

Finally, laboratory roarings in a parasite introduction program must be- organised 
in such a way as to avoid superparasitism as a factor reducing parasite effectiveness 
through purposely regulating density ratios, temperature, etc., in the rcarmgs. 
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Interspecific Relations 


Aphids arc a group of phytophagous insects that is rather numerous both as to the 
number of species and individuals. During its evolution it has inhabited the gr 

.1. ... i- 1 L.r. 1 .1.1 k ^ differentiation may t>c 


part of habitats where plants can be found, although a certain differentiation nu >, 
favouring the temperate and subtropical zones. 


recognized in this distribution favouring the temperate anu »^‘v r — - — 

1 ' ' ; is habitats has naturally been »o* _ 


occurrence of such a pliytophagous group in various hauu-w *<■*» . 

lowed by the adaptation of various other groups such as natural enemies ot ap 1 
Various insect groups luve taken part in this action, the Hemiptcra, Ncuroptera, 
Diptcra, Colcoptcra, Hymcnoptcra, etc. These natural enemies must be considcrc , 
on the one hand, as beneficial agents with respect to a given community preventing 
outbreaks of pliytophagous species, on the other hand, their action is useful for t e 
aphids, as natural enemies prevent outbreaks that could result in a devastation ot too 
sources (plants) and the elimination of an apliid population in a given community 
(see: doutt, i960); finally, the relationship is favourable for the natural enemies too 
enabling their successful occurrence in various communities. 

Although the original adaptation of various natural enemies to aphids, as tnci 
food, wasapparcntly accidental and was caused by free ecological valencies in a coni 
inumty equilibrium, the long period of evolution lias resulted in todays state, where 
various complexes of natural enemies may be recognized m different environment 
These complexes include, besides other organisms such as fungi or birds, the insect 
predators and the parasites— the Aphchnidac, My maridae.andthc Apliidudac. As the 
primary natural enemies they themselves arc also regulated m action through the 
action of l heir own parasites, various oilier groups being included in todays food 
chains as well, etc. 

With respect to groups, we can consequently distinguish the relations among *hc 
primary parasites of the same or another group, between primary parasites 
li) per parasites, between predators and parasites, between predators and their pae a " 
sites, bet wcai natural enemies and fungi, etc 

All rise eases alxnc mentioned clearly show tlut there is a great possibility ® 
various complicated relation* arising These complicated relations really can ** 
found in nature, although being unsatisfactorily known m many cases. Moreover 
l sey mas not be related to a given aphid species only, as lhar host range ctwb.cs 
‘•* m “* * u > “ nicmbcts of food cluins associated with otlicr aphids. 



- kinds of interspecific RELATIONS. We recognize two different points of view on 
interspecific relations mentioned in the literature. 

- Competition concept - Most authors usually classified any relations among the 
parasites or other natural enemy species as a competition. This seems to be a result of 
a general acceptance of ‘struggle of species’ as mentioned by darwin. For example, 
ULLyett (1938) excellently classified the aphid and natural enemy food chains with 
respect to separate groups; however, hyperparasitism and competition were the 
only relations mentioned as occurring among the parasites, schlinger u hall (i960), 
when dealing with the aphidiids of California, mentioned Diaeretiella rapae, besides 
its parasitism on Brevicorytte brassicae, to be one of the species most often seen at- 
tacking Myzus persicae and frequently occurring in direct competition with 
Ephedrus persicae, Lysiphlebus testaceipes, and Aphelinus spp. 

A similar viewpoint is mostly accepted when an introduced spedes is classified 
with respect to indigenous parasites in the country of parasite establishment. There, 
too, the primary aspect is the competition with indigenous parasites. Many such 
examples can be mentioned. Schlinger & hall (i960) classified the relations of 
natural enemy groups with respect to Praon exoletum introduction and its effec- 
tiveness in California. Hagen & schlinger (i960) dealt with the introduced parasite, 
Aphidius smithi, and indigenous parasites of Acyrthosiphon pisum in California. As to 
the 5 indigenous parasites establis h ed, they have considered their occurrence to be 
tare, and one of them ( Aphidius pisivorus) to be incapable of competing with A. 
smithi in the laboratory, and in the field owing to its scarcity too. force a messenger 
(1964, 1965) in a very valuable paper on the relations of parasites of Therioaphis 
nifolii in the laboratory with respect to the field occurrence in California have used 
the competitive relations as the base for their studies, v.d. bosch, schlinger & ha gen 
(1962), dealing with Chromaphis juglandicola and its introduced parasite, Trioxys 
pallidus in California, considered the interspecific competition to be probably of 
little significance with respect to the indigenous parasites that were found to attack 
the introduced pest. 

An example of an almost extreme application of a point of view of competition 
is that in the case of mackauer tc bisdee (1965). These authors classified the effec- 
tiveness of indigenous parasites of Acyrthosiphon pismn with respect to the introduced 
species, Aphidius smithi, in Canada. From the whole paper, which includes even a 
table as an. illustration it is apparent tbit the indigenous parasites of the aphid men- 
tioned are relatively rare in Canada, if we compare the occurrence of parasites in 
for example C. Europe. Of the parasites mentioned ( Praon pequodomm, Aphidius 
pulcher, and Praon sp.), A. pulcher is just a rare species. Nevertheless, although it is 
apparent from the table that A. pulcher was not present at all in various fields studied, 
A. smithi is mentioned to be the dominant species, probably largely replacing the 
native A. pulcher, while Praon pequodomm seemed to be less affected by A. smithi. 
In our opinion, this is not a displacement but merely a situation showing that 
A. pulcher was rare and the introduced A. smithi had become more common. In 
several fields the populations of /l. pulcher were lacking altogether, the introduced 
parasite having no possibility of displacing this species in consequence; or, the intro- 
duced species too was absent (Table X2). As the introduced species was unable to 
displace the common Praon pequodomm, it is hardly believable that it would do so 
in case of a rare indigenous species as the mechanism of competition apparently ex- 
cludes such a possibility — Aphidius smithi would need to select just the aphids that 
were parasitized by A. pulcher, or to be so numerous that A. pulcher would be unable 
to find any healthy aphids ; as to the former case, such a kind of competition would 
not favour A. smithi as A. pulcher would be — being an older one as to the date of para- 
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Parasite Records 


Co. Welland 
Chippawa 
Crystal Beach 
6. mi. E. Fort Erie 
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Co. Lincoln 

Queenston, Hwy. 8 at Davids R. 
Queenston, Hwy. 8 at Martin R. 
St. Catharines, Airport 
Vineland, 7 & 17 St. Louth 
Vineland, 7 & 19. St. Louth 
Vineland, 7 & 21 St. Louth 


Co. Halton 

5 mi. W. Palermo 
Campbclville 


Co. Peel 

Brampton 

Co. Prince Edward 
Consccon 


M. sativa 4* + 


M. sativa + + 


Co. Hastings 
Frankford 


Table 12. Records of Aphidius smilhi in southern Ontario (i9 6 4)- Symbo ■ 
Collecting and rearing record, (x ) Most abundant species in sample taken, (m) __ 

mics collected but no adults emerged; identification to species not possible at pr 


(MACKAUER tc BISDEE, 1 965). 

sitization — the successful survivor; as to the latter ease, the introduced parasite 


not so common. . 

Competitive relations (see below) also became the subject of great discussion " 
respect to the number of parasite species to be introduced. . j 

- Cooperation concept - Detailed analysis of the structure of communities an 
natural enemy (parasite) action has shown that relations among the natural cner0 \ 
arc more complicated. Competitive relationship, naturally, occurs, bur this « ° ^ 
one kind of the relations possible, franz (1961, 1964) has summarized the kind* 0 
relations among the natural enemies, and recognized three kinds or degrees, ne 
cooperation, competition, and displacement, respectively. Consequently, 
action as a whole results from the complementary total sum of a single species actl° 
differing in many wa>s ( franz , 1964). We have only to strongly support thi* 
ccpt with respect to aphid parasites as members of aphids-natural enemies * 
chains. According to our opinion, thetc is a state of relative unity among all thr 
kinds, they condition each other; under the influence of environmental fa** 0 


cooperation may condition competition and displacement; similarly, the displace- 
ment may result in further cooperation, with respect cither to the same or other 
species, etc. 

- Cooperation. The evolution of parasite complexes is a sign of cooperation. As 
mentioned above, there may be various enemy complexes differentiated among the 
natural enemies of aphids. However, because of a different evolution of all these 
groups together with the evolution ofaphids, the role of different groups in attacking 
different aphid groups is different. All the groups of natural enemies, and all their 
members were studied in detail, exhibit an apparent relation with respect to their 
aphid hosts. Although some groups seem to be widely specialized, a closer analysis 
shows that there is a host range in all the groups. The restricted host of separate 
groups or species results in that they do not attack certain aphid groups, but such 
aphid groups are attacked by other natural enemy groups so that apparently no 
aphid group free from natural enemies can be found. The ability of natural enemies 
to develop such complexes that are independent as to taxonomic affinities, but which 
are closely related in action, seems to be a result of evolution with a trend to coopera- 
tion. 

The forementioned can well be illustrated by the aphidiid wasps. There are 
certain aphid groups such as Adelgoid aphids that are not attacked by the aphidiids 
at all. This is apparently due to the phylogeny of the parasite group, which has 
become adapted to the ancestors of the recent Aphidoid aphids during the period 
when the two main aphid groups were differentiated. The lack of aphidnds as para- 
sites as enemies of Adelgoid aphids, however, docs not mean that tins group is free 
of enemies — various other natural enemy groups covered these aphids tinder their 
host range. This is perhaps the result of cooperation in evolution. The same trend 
may often be found inside the aphidiid parasites as a group, being apparent from the 
geographic distribution of the parasites, habitat distribution, and microhabitat dis- 
tribution as well as from other features of their biology. In addition, we should 
mention that both parasites and predators as members of aphids-natural enemies 
food chain exhibit both positive and negative features. This is obvious from the fact 
that in most of aphid-natural enemies food chains both predatory and parasitic 
organisms are represented, although great differences in their relative representation 
may occur. 

Complementary action, of parasites, ^and. other natural enemies^ ^ and. space 

is another sign of cooperation. A research of natural enemies of a given aphid species 
undertaken in a given country shows gradually a great number of various species 
taking part, however, simultaneously, these species are very rarely or almost never 
found to be represented in a single sample. Various factors play a part here, but 
generally this is a result of complementary action in time: In case that a given 
natural enemy species is lacking, the other species replace it. Many examples from 
our field observations might be mentioned, the most numerous and most obvious 
due to their quantity are those connected with the research of natural enemies of 
Aphis /abac in Czechoslovakia (hodek et al., 1966) : 

There is a spacious park in Prague, an example of an old biocenosis. Observations 
of the occurrence of natural enemies of Aphis fabae in different years resulted as 
follows: 

21 . 5-575 Amhocoris nemotum, Addin bipunctatj, Ephcdrus ptagiator, Praoit abjcctiun, Trioxys 
angclicae 

2.6.57: Aitthocoris nanorum, Praon abjection, Trioxys angclicae 

8.5.58: Ephcdrus phgiatar, Trioxys angclicae 
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I . 6 . s a:A,,lh«o,h ncmmm, Epistropk' bduou. EpMrm ploglMr. Pr»on *hj «<». 

Trtoxys angeUcae 
24.5.59: Trioxys angeUcae 
21.6.59: Trioxys angeUcae 

The occurrence of natural encnucr of AMs JO* war alro found 
different shrubs ofEuonymus europaea in the same locality, or 
in very different localities : 

Moravia, Pohorehcc (hedges): 

10.5.60 (shrub A) : Adalia bipmutata i., Trioxys angeUcae 

19.5.60 (shrub D): SennadaUa undecimnotata schneid., Promt .abjecti m ^ ^ 

19.5.60 (shrub C): Syrphus vttnpenms meic., Canlhans ruslica l., C.J P 

plagialor, , Trioxys angeUcae 

A similar situation was found on secondary host plants of Aphis fabae. 

Rani Bohemia, (sugar beet field) uuiMue- 

26.5.59: Semi adalia undecimnotata schneid., Coccmella septcmpunctata l., • 1 

punctata L., Adonia variegata coeze r aa ; M ue- 

16.6.59: Semiadalia undecimnotata schneid., Couinetla septcmpunctata l., • 4 

punctata u, Scaeva pyrastri {t.), Syrphus nbessit [l.). 

From other fields of the same locality there arc the following results. 

18.6.57 (field A): Lysiphlebusfabarutn . m 

18.6.57 (field B): Semiadalia undecimnotata schneid., Lystphlebusjabarum 
18.6.57: Adonia variegata coeze 

26.5.S91 “ 

19.6.59: — 

26.6.59: Scaeva pytastri (l.), Syrphus rtbcsii (1.) 

17.6.59: Coccinella quinquepunctata 1., C. septcmpunctata E. . / ucar 

The last illustrative example is from Central Bohemia (Polabi): Cesky Br ( 

28.7.60: Chrysopa camea stepii., Epistrophe balteata (deg.), Sphaerophorta 

S. meppetlti wied.. Syrphus nbesh (l.). S. vitnpennis meig., CocaneUa qumq 
punctata (l.), C. septcmpunctata L., Adonia variegata coeze, Semiadalia ut 
notata schneid., Propylaea quatuordecimpunctata (l.), Lysiphlebus fabarunt. 


Other numerous examples can be found in the book by hodek et al. (1966). 

Another feature is natural enemy cooperation in space: Aphis specimens w 
are not found by one natural enemy species will be detected by another (see. fra ^ 
1964). Many examples can be mentioned here. Microhabitat distribution as wc 
the searching capacity of parasites cause that a single aphid species can be attacke 
different parasite species in dependence whether occurring on the tops of plan , 
underneath the leaves. Similarly, small aphid colonies sometimes seem to be ou ^j 
and attacked earlier by coccinellid beetles than by the parasites, e.g. ui the ann 
crops, where the searching behaviour as well as natural enemy dispersal play t c 
role. 

- Competition. 1. Ecological groups of parasites and interspecific competition- 
Gregarious parasite species do nor fight for possession of the host for the fighting 
a means of elimination ofa competitor is incompatible with the gregarious habit. » B 
concordant with this that supernumerary larvae of gregarious parasites (parasitoioV 
are not necessarily eliminated at an early stage, as they are among a solitary ip cC3C5 j 
but often persist until they arc nearly fully grown (saxt, 1961). Gregarious internal 
parasites can be found neither among the primary parasites of aphids, nor among * e 
hypcrparasitcs. 

Among the external parasites, as among internal parasites, fighting between conv- 


144 



petitors takes place in the solitary spedes, hut is not found in the gregarious spedes 
(salt, 1961). Such relations can be found among certain hyperparasites of aphids, 
which are solitary external parasites of the aphidiid wasps, or their solitary internal 
hyperparasites. 

Several solitary internal parasites can sometimes be found in a single host. Con- 
sequently, supernumerary larvae are eliminated as only a single larva completes its 
development. This is the case of primary parasites of aphids, the aphidiids as well as 
other groups of primary parasites of aphids. 

2. Interspecific competition among various developmental stages. Interspecific 
competition among parasite adults can be recognized by their searching ability, 
oviposition behaviour, host instar preference, discrimination between parasitized 
and noil-parasitized aphids, seasonal occurrence, dispersal, fecundity, progeny, etc.. 
These features are mentioned below in detail. 

The laid eggs do not seem to reveal competitive action similarly as in the case of 
superparasitism. 

The larval stage is just the stage where intensive competition among the parasite 
spedes can be seen. This competition for food sources is caused by the deposition of 
eggs of several parasite spedes in a single host (multiparasitism). Both morphological 
and physiological features of the larvae apparendy give the best possibility for direct 
competitive relations when the developmental stages are compared. 

A single larva, either developed freely from a single egg, or being a survivor in 
competition with the larvae developed from several eggs laid, develops and pupates 
inside or under the parasitized aphid. Consequendy, there cannot be direct com- 
petition among the pupae. However, the mode of pupation is different in certain 
parasite groups, and it seems to have a certain significance with respect to survival of 
unfavourable conditions in a similar way as the development of quiescent and non- 
quiescent cocoons. 

smith ( 1929 ) recognized two kinds of competition with respect to parasite stages: 
(1) Intrinsic competition — competition between parasitic larvae within the body of 
the host, (2) Extrinsic competition — environmental relationships of the adult para- 
sites outside the host, such as fighting among adults, differential survival to physical 
factors, etc. 

3. Multiparasitism. Various authors mentioned in a more or less detailed way 
certain notes on interspecific relations among the parasites. However, most of them 
include field observations as to different seasonal occurrence, microhabitat occur- 
rence, etc. (HASSAN, 1957, SKRXPTCHINSKIJ, 1930, TELENGA 1950, V.D. BOSCH et ah, 1964, 
etc.). Records dealing diiecdy with multiparasinsm are relatively rare, hartley 
(1922) was perhaps the first who studied a direct case of multiparasitism, that of 
Aphelinus setniflavus and Aphidiusspcdes. A similar case was studied by griswold 
(1927). The mechanism of competition in aphids parasitized by Aphidius - and 
Aphelinus- species was undertaken by forcb & messenger (196s), based on field 
observations of various authors (see*, v.d. bosch et aL, 1964) and planned as a further 
base for the research of competitive relations among the parasites in the field. 

The research of mechanisms of competition among parasite larvae of different 
species generally reveals the same features as in a case of superparasitism, although 
the number of papers dealing with multiparasinsm is smaller (hartley, 1922, 
spencer, 1926). Apparently, the mechanism of competition, among the parasite 
larvae will be of the same kind as in a case of superparasitism (see: tremblay, 1966), 
Lc. combination of physiological suppression and accidental physical injury seem to 
come into action. 

The final effect of multiparasitism in aphid parasites, either among different species 
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Fig. 264. Right : JUiopalosiphum matdu on Zca mays parasitized by Lysiphlcbus testaatpes 
Left: the same aphid parasitized by an Aphelinui-spccics. Cuba. 


of aphidiid wasps or any aphidiid wasps and other groups of primary P araS ‘J*V^. 
aphids, is that a single larva survives which eliminated all the supernumerary 
during its development in a single host. , . j,j_ 

Therefore, with respect to fiske’s (1910) classification of multiparasiusm, 
parasitism in aphid parasites seems to be favourable that due to a limited food-sup; p 7 
— a suiglc apliid sperimen — all the supernumerary larvae arc eliminated, alt o y 
single larva survives and successfully completes its development. . » 

4. Relative meaning of the avoidance of interspecific competition, salt \ 
divided the parasites into tw o groups with respect to competition, i.c. species av ^ 
ing and not avoiding competition. In our opinion, whether such an avoidance u ' 
selection and differ entiation of parasitized hosts, etc., this docs not mean an avoi 
of competition, as by avoiding competition of its larvae in a host, such a parasite n 13 ) 
be successfully adapted as to the competition with other species. Therefore, *n £ . 

avoidance of competition is only relative. Observations of FORCE & messenger l* 
made on parasites of Tkcrioaphis trifohi can be mentioned as an example- Tner^. 
Apheltma stnufiavut was found to be favourable in discriminating to a high degree ° 
parasitized and n on-parasitized aphids, tending to avoid wastage of egg* through 
superparasitism and mostly through multiparasitism too ; naturally, other features o 
parasite biology can substantially reduce this advantage, such as slow searching 
behaviour and oviposmon, etc. . 

— Displxemenf. The period and degree of parasite adaptation to environing 
conditions such as climate, microclimate, host life-cycle peculiarities, etc., tJ,C j 
hive plavcd a role during the evolution of the parasites. The main developing 
ticnd, ne. to cov cr the host organisms m all the environments may well be rccogn^ 
in the parasite group as well Naturallv. certain favourable conditions were found 
be suitable by a single or different 1 penes. Consequently, competitive pressur 


originated and the best adapted spcdcs became the most successful, while the other 
species were forced to cover new environments — for example, other niches, periods 
of the season, etc. Such a pressure occurred cither in case of free niches, or in case 
that a better adapted species developed such a pressure on an older species resulting in 
displacement. Consequently some species favoured finding new niches, others were 
forced to do so, and some were eliminated due to lack of adaptation. In aphid para- 
sites, the total displacement of a species by another species seems to be rare. Mostly, 
a better adaptation of a species for a given niche, etc., appears, resulting in further 
differentiation of species as to the niches. 

Displacement of species is a long process. Sometimes we observe it to be a brief 
one owing to the action of man, in cases of eradication of certain pests and their 
replacement by other (insect) species. Some cases of specific displacement are known 
in the praxis of biological control as well. 

- relative stability. Interspecific relations are a result of a long evolution of 
various organisms under various environmental conditions. This means that the 
Stability of such relations is relative in a similar way as that of the environment. The 
influence of some environmental conditions is rather long: For example, virgin 
forest natural communities have developed for a very long period, the relations 
occurring there are relatively stable. True forest aphid groups are rather old groups 
as to the phylogeny of the whole aphid group, and they exhibit rather specialized 
parasite fauna. A similar stability seems to occur in the interspecific relations that take 
place in such closed communities. Similar conditions can be found in a virgin 
steppe. All these relations are influenced primarily climatically through the occur- 
rence of plant communities, and the aphid and parasite occurrence too, which fol- 
lowed. However, man’s activity resulted in the creation of a number of new environ- 
ments, which are man-modified and may not be found in natural environments. 
Consequently, new interspecific relations originated: some of the natural relations 
remained unchanged, others changed and some were eliminated. Classical examples 
can be seen in the case of cultivation of virgin steppe undertaken in various com- 
munities (U.S.S.R.). Parasites, as members of the food chains, are influenced by 
man’s activities to various degrees as well. New conditions for aphid life caused new 
relations in. the natural enemy group: We can cite the differences in the natural 
enemy dispersal in virgin and cultivated lands. 

Irrespective of the stability of a given community, interspecific relations can 
change during a season within the frame of a given community: Various parasites 
(and natural enemies) occur in different parts of the season and consequently fall 
under different relations. Another example can be found with respect to the response 
of natural enemies to obligatory host alternation of aphids in the temperate zone: 
some predators may follow the aphids and consequently occur in habitats of different 
kinds; the parasites, on the contrary, have developed another adaptation; as a result, 
there appear different interspecific relations among the natural enemies in the course 
of the season. 

- factors. This is a short review of factors that may be important with respect to 
interspecific relations of parasites. More detailed information can be obtained in cor- 
responding chapters. Some examples are added to illustrate the influence of different 
factors. 

I. Duration of developmental period and generation time. Under the same con- 
ditions the length of the developmental period may distinguish the species and also 
influence the generation time. It is apparent that a species with the shortest develop- 
mental period »s also able to parasitize the hosts at a time when the other species are 
soil unable to do so, being in larval or pupal stages. Consequently, such a spcdcs may 
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Fie. 265. Comparison of the mean generation time, calculated from 
T - logjtui of 3 parasites of Thnioaphis trifoUi (- n™**"*" 

constant temperatures. Means arc based on 10 replicates (fohce & messenceb, 9 ° 


be successful in com petition (multiparasitism) as its larvae develop earlier inside par* 


sitized aphids. . yj, 

force at messenger ( 1964 ) dealt with three parasites of Therioaphts trijol 
were purposely introduced into California. Under various combinations o 
peraturc and R.H. it was recognized that Trioxys complanaius had «** * °. 
developmental period and generation time at the temperature tested; Ap * 
semtfiavus had the longest generation time, its developmental period being ^ 
longest of the 3 species at intermediate temperatures, but was shorter than 
Praon txoletum at low and high temperatures; Pr. exoletum was intermediate bet 
the other two parasites (Fig. 265 - 267 ) . 

2. Mode of pupation. There are two groups recognizable among aphid P araM , 
the first group includes species that pupate within the parasitized aphid, the ot 
group spins its cocoon under the parasitized aphid and places the aphid skin on the top- 


Although there is no experimental proof, it seems that the pupation within a munum^ 


ficd aphid protects the pupa better against various injuries than the separate f . 
We consider it to be so because the first mode is prevalent among the *pk“ u T rf 
a group, while the second one may be found to a smaller degree. Certain kcoo^H 


.. e may be found to a smaller degree. — . 

adaptations in spinning peculiar quiescent cocoons were also recognized among 

parasites. 

3. Adult longevity is important m enabling a parasite species to find mote 
and to dn perse in a higher degree in the environment. Significant difference* 
longevity were recognized by force * messencer (1964) in parasites of Thttb*! 
tnfala in California: (figs. 265-267). 



MEAN DEVELOPMENTAL PERIOD 



Fig. 266 . Comparison of the mean developmental periods, from egg to emergence 
from the cocoon, of 3 parasites of Therioaphis trifoUi (*= mactilata), reared at several 
constant temperatures. Calculated means are based on from 60 to several hundred 
replicates. Parasites: Praott ex oletum (= palitans), Trioxys complanatus (= utilis), Aphelinus 
semiflavtis. (force & messenger, 1964 ). 


4. Reproductive capacity. The supply of eggs is different in various species. 
Although a number of factors cause the potential number of eggs not to be deposited, 
the relative number of eggs is important in interspecific relations, force & mes- 
senger (1965) found that of the three parasites of Therioaphis trifoUt the total fecundity 
of Aphelinus sentiflavus at 2i°C was the highest and it oviposited at the lowest rate 
during the first three days of adult life; Trioxys complanatus, which nearly reached its 
total fecundity, exhibited the highest daily opposition rate. At a higher thermal level, 
27 C, Aphelinus semifiaims was stimulated to lay eggs at a somewhat higher rate, 
Trioxys complanatus was affected only slightly, and Praon exoletum was definitely 
adversely affected, ovipositing at a very decreased frequency early in life (Table 13). 

5. Progeny. Parasite species that attack the same host species may differ in the 
mode of reproduction. Most of the aphidiid parasites are biparental, while deuter- 
otoky and thelyotoky is rare. Uniparental reproduction seems to be more advanta- 
geous as the parasite $9 can lay eggs without being mated, 9 progeny, however, 
arising from such eggs, contrary to biparental species where unmated 99 produce <J 
progeny exclusively and this may mean the elimination of a parasite population in 
a given plot. The mode of reproduction seems to vary in different strains of aphidiid 
parasites, as the same spcdcs are known to be biparental in one part and. uniparental in 
another part of their distribution area. In C. Europe, Lysiphtebus ambiguus is a bi- 
parcntal spcdcs, L. fabanuu is a deuterotokous spedes. They also both differ with 
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Fig. 267. Comparison of the mean? life spans from egg to adult death of 3 P a 
of Thcrioaphis Infolii (=> macula t a), reared at several constant temperatures. Mea 
based on 10 replicates (force * messencer, 1964). 


respect to habitat preferences, the first one being attached to forest and the latter 
steppe type habitats. However, they were found to occur in the same type or haw 
as uniparental species, although being distributed with respect to different require 
ments on mictoliabitats, in Israel (rosen, 1967). , 

In parasites of Thenoaphis trifoUi in California, force & mfssenger (1965) f ound 
that Trioxyt eomplanatus and Praon exoletum were biparcntal, these features being 
mentioned as resulting possibly in the extinction of local populations due to ' «>' v 
population density and lack of contact between the sexes ; contrary to the aphiduds, 
Aphelmus semfiunu was mostly uniparental, with no danger of extinction (Tabic 13 /' 
6 . Opposition seems to be important with respect to opposition rate and egg 
dispersal, and it is influenced by temperature, opposition chances, etc. The parasite* 
exhibit great differences in opposition. Some species opposit rapidly and frequently, 
the other species are slow or rarely oppositmg Egg dispersal is also different. 

Opposition was found different m parasites of Thmoaphtt trifoUi as well according 
to force * messenger (iqSj). Ttioxys complanatus wi s very rapid and frequent tn 
opposition Praon exoletum was less efficient, and Aphelmus sem.fhvus was inferior to 
the aphiduds in its slowness (Table 1 3). 
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Species 

Total fecundity 

Mean daily 
oviposition 
rate first 3 days 

Innate capacity for 
increase 


2I C C 

27 e C 

2I*C 

27 C C 

2I C C 

27'c 

P. palitans 

579 

76 

63 

S 

0.24 

neg. 

T. utilis 

845 

493 

123 

106 

0.38 

0.4S 

A. semiflavus 

879 

385 

19 

23 

0.24 

o-34 


Tabic 13. Total fecundities, daily rates of oviposition during the first three days of 
adult life, and innate capacities for numerical increase of three parasites of Tlicrioapltis 
trifolii. 

Praoit cxolctum (= palitans), Trioxys complanatus (— utilis), Aphelinus scmiJJarns (force & 

MESSENGER, 1965). 


7. Searching ability. Higher searching ability of a parasite species may mean a 
higher number of parasitized hosts. Searching ability is most significant when host 
population is rather low. Low searching ability in these cases may mean a reduction 
of parasite population in a given plot. 

Apparent differences in searching ability were found in parasites of Tlicrioapltis 
trifolii under constant temperature conditions (force & messenger, 1965). Trioxys 
contplaitatus was very rapid in finding the host, Praon exoletum less efficient in its 
searching ability, while Aphelitius semijiavus was very slow. 

8. Discrimination of parasitized and non-parasitized hosts is rather important in 
preventing wastage of eggs through superparasitism and multiparasitism. 

In the parasites of Therioaphis trifolii (force a messenger, 1965) Trioxys coniplanatiis 
and Praoit exoletum were unable to discriminate between parasitized and non-para- 
sitized hosts, which resulted in a higher degree of super- and mukip^rasidsm under 
certain conditions ; on the contrary, Aphchmis semiflavus was recognized to dis- 
criminate to a high degree between parasitized and non-pa rasitazed hosts and thus 
tended to avoid wastage of eggs. 

9. Host range, host availability. Generally, it seems that more widely specialized 
parasites have an advantage in interspecific relations as they can find their other hosts 
in the environment in case of lack of a given host, too severe interspecific com- 
petition, etc., while this is not the case of a strictly specialized parasite species. How- 
ever, a strict specificity of a parasite is the result of long host-parasite relations, and 
consequently the adaptation of parasite to host occurrence, seasonal history, etc., 
seems to be far better than that in a widely specialized parasite. Another aspect of a 
wide host range is that the more spedes are attacked, the more interspecific relations 
may be simultaneously recognized. Nevertheless, it seems that a wider host range has 
apparently some advantage, as the strictly specialized parasite species are relatively 
very rare among the aphidiids. 

For example, there are two parasites of Phyllaphis fagi on Fagus silvatica in C. 
Europe. Trioxys phyllaphidis is a strictly specialized species, while Praon flavinode is a 
parasite of a number of arboricolous Callaphidid aphids (stary, 19 66). 

Dactyttotus-, Macrosiphoiiiella - and related genera and their parasites can be men- 
tioned as another illustrative example (stary, 1966) : among these parasites, Trioxys 
pannonieus attacking Titanosiphon artamsiae and Aphidius phalangomyzi parasitizing 
Phalangomyzus obltmgus are the two strictly specialized parasites; the other parasites 
may either attack various spcacs both of Dactynotus- and Macrosiphoniella species 
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of Daitymlus- (Aphidius funebris, Pram donate) or AtomplionieUa ipcacslApMMS 
MStoJ At, ulus): l hey. however, rarely arrack .he hosr. of rhe above mor- 

”« ra'^e can Suerreed by host avarlabihty, which can be tempora^ due to 
pcclri.iefof.be community. or pcrpc.ual due to jfl- 

Isi parasite. Under certain conditions, many special, zed hosts nuy ««» c, £ 
specuhzcd species due to the lack of their altemattve hosts m the 
example, Trnxys pallidas, an introduced species in California, was I’ nnu >' . . 

attack the Chrontaphisjttelandkoia aphid in the country of establishment, although it 
attacks a number of various arboricolous CalUpliidid aphids m its native coun ry, 

but these species do not occur in the country of establishment. 

10. Host species preference. I. is well knosvn that certatn spec... included m a host 
specificity range of a given parasite are preferred. Consequent] ly. V. 
populations or strains may occur. The preference may result in van J. t0 
relations due to other members of parasite complexes. For examp » . 

SCHUNGER & HALL (i960) Aphidius pisivorus is most common as a parasi 
siphon pisurn, Lysiphkbns sesiaeeipcs not attacking this aphid in „ ot 

in New Jersey, L. ttstaceipts is an important parasite of nZttti'lla 

attacking the apliid there. Similarly, semmem u hail (i960) found that Dias M 
rapae is the main parasite of Brcmorync btassnac in California, ho . _ 

tancously, it attacks abo Afyanl perskae, where it comes into contact w, “ , P 

sites such as Ephedras persicae, Lysiphkbns ttstauipes, and Apkitms sp. . 

ample was found by us in a greenhouse m Czechoslovakia: Nemyzas 
was highly infested by an Aphelinus sp., while this aphid was very rarely p 
by Diacretiella rapae ; on the contrary, Myzus persicae was commonly P arasl _ , 7 
D. rapae, but it was very rarely found to be parasitized by the Aphelinus sp. ’ 

Lysiphlebus fabarum and L. ambiguus are well differentiated in C. Europe bot {£J 
host species preference and habitat occurrence (stary, 1966), however, a£ 5 ? rd r~j ar 
rosen (1967) they commonly attack Toxoptera aurantii on Citrus in Israel in si 
kinds of habitats, while the aphid is absent in C. Europe. ^ 

u. Host instar preference. An evident host instar preference developed among ^ 
aphidiids. Various studies have shown that species attacking younger instar ap ^ 
are more successful in cases of muhiparasitism, as the elder parasite larvae survive 
all cases. According to hartley (1922) in competitive relations between Aphidius 
Aphelinus species, Aphidius was more successful in attacking lower host insta rJ ' 
FORCE & messenger (1965) found that among the three parasites of Therioaphistnjo 
Trioxys complanatus and Aphelinus semifiavus preferred younger host instars for oV1 
position, while Praon exoletum attacked higher host instars. 

12. Seasonal occurrence. Seasonal history displays various peculiarities in separate 
species. Some of them occur earlier in the season due to their ability to survive low 
temperatures in spring (temperature zone), etc. Features of seasonal occurrence can 
result in different interspecific relations occurring during the season. For example 
different seasonal occurrence was found among the parasites of Rhopalosiphum uiaidis 
in Egypt ( hassan , 1958). telenca (1950) observed Aphis fabae, A. craccivora, 
Drachycaudus cariui to be parasitized by Lysiphlebus fabarum and Aphelinus sp. ® 
Caucasus; of these, L. fabarum was dominant in spring and autumn, while Aphdi nui 
sp. was most common during summer. Such a seasonal difference was later show* 
experimentally to be due to different requirements in temperature conditions- V ' 
fercnces in seasonal occurrence were also ascertained in parasites of Therioapm s 
infold in California v.d. ( bosch , 1964): Trioxys complanatus exhibited in most 



intensive activity in early spring, depending on the area (x quiescent states), this 
activity may continue through spring and summer and on into the autumn, and even 
in winter. Praoit exoletuin is active principally in spring and late summer and autumn, 
hut at best it is very feebly active in winter because of its quiescent state. Aphelinus 
semiflavus, in certain areas, reaches its most important status during winter, suifering 
greatly from the heat during summer. 

13. Quiescent states in parasites developed as a response to unfavourable con- 
ditions of environment, either due to climatic conditions or host absence. For ex- 
ample, according to v.d. BOSCH et al. (1964) quiescent states may be found in a dif- 
ferent degree among the parasites of Therioaphis trifolii in California; in Trioxys com- 
planatus, quiescent states are found both to survive a hot summer period and some- 
rimes unfavourable winter conditions as well. Praon exoletuin exhibits quiescent 
states in a winter period only, while there is a lack of quiescent states in Aphelinus 
scntiflaviis. These differences considerably influence the occurrence of species 3nd 
their relations in different areas. According to our observations, Ephedms persicae, 
E. plagialor, and E. cerasicola are the common parasites of Myzus cerasi on Primus 
avium in spring in C. Europe; however, E. persicae exhibits a quiescent state from late 
spring for the rest of the year, there being in consequence different interspecific 
relations among the parasites during the season. 

14. Dispersal. The mode and kind of dispersal can be various in parasites and can 
have an influence on the interspecific relations as well. The species which attack higher 
instar aphids seem to exhibit better dispersal as their larvae disperse via parasitized 
alate aphids. On the contrary, a parasite species which attacks lower instar aphids, 
seems to be less dispersive in this respect. For example, among the parasites of Therio- 
aphis trifolii in California (v.d. bosch et al., 1964), Praon exoletuin prefers higher 
instar aphids and consequently its dispersal is more rapid than in the other parasites. 

15. Temperature. In many respects, temperature has a major role, determining 
also the influence of other factors, force & messenger (1965) clearly showed the 
influence of temperature on interspecific relations among three parasite species of 
Therioaphis trifolii (Figs. 265-267, Table 13). 

16. Superparasitism and mulriparasitism. With respect to interspecific relations, 
both these phenomena can be classified as a wastage of eggs, as only a single larva 
completes its development in super- and mulriparasitized hosts. Although being due 
to the influence of a great number of factors, the inability of a parasite 9 to dis- 
tinguish parasitized and non-parasirized hosts seems to play a major role. Among the 
parasites of Therioaphis trifolii super- and multiparasitism were found to be common 
in the laboratory (force u messenger, 1965) ; however, only Trioxys complanatus and 
Praon exoletuin did not discriminate parasitized and non-parasitized hosts, while 
Aphelinus seiniflatnis avoided superparasitism and mostly mulriparasitism by dis- 
tinguishing the hosts. 

17. Rarity of occurrence. Some parasite species are found to be common in 
nature, while others are less common to rare. Although the host specificity range, 
host preference, season, distribution, etc. play a role, there is no doubt about such a 
state. Species that are generally rare will apparently exhibit less interspecific relations 
than the commonly occurring species. 

18. The foci of parasites can be very different in various ways as to the separate 
species. This feature can also influence the interspecific relations m a given focus and 
also in the area to which the parasites disperse from a focus. There is no doubt that 
a species whose foci can be found in a certain area may be more successful in inter- 
specific relations than a species whose foci are extremely rare or even absent. For 
example, in C. Europe, parasites of Aphis fahae disperse to sugar beet fields from their 



foci in the field neighbourhood to rmch the aphid that hat immtgrated to the field 
The prince of the foci teem, to play a tnajor role at to the paratttc aeon m the 
field plot, and consequently in interspecific rations m this plot t>i»e . 

!!. Microhabiut distribution. Although they may occur m the 
same kind of habitat, and attack the same host, the parast.es are forte . 
with respect to microhab.tat, either due to nucrochmatc or eco “gif rncM Con 
sequently, such a microhab.tat distribution alto influence, then 
The most carefully observed example of such relations is that o para 
aphis tttfohi (see: v.d. nose e. al„ .959, >964. etc.). Field obi servatiom nude : m * 
natural home of the parasites, in the Middle East, showed the occur renceo fjMayt 
complanatut m the hot losvlands. Preen rxe/rrnn. m nuld areas, and Ap I dmu sp. m 
hu4d coastal areas. Later, after their establishment m the tame P>°“ 

1957 m California, the parasites spread naturally from localized foa 
able dntance, in several areas, however, the range of each P arasltc ? . , tc 

from that of the other,. Such a dependence was supported by «*»?«““” wa s 

parasite establishment in Arizona (barnes, i960), where each of th P . 

included m releases made in various areas, however, recoveries show^j*' 
to be poorly establbhcd and having a low effect; Tr. complanatus was ^j****» 
and became a substantial control agent, while there were no recoveries P ^ 
semiflavus; these results are apparently due to the hot dry cluna c o ^tat 

parasite requirements on the microliabiut- A similar difference as to were 

was recognized by roscn (1967) hi Israel: Lysiphlebus fabarum and L. g 
found to be common parasites of Toxoptera aurantii on Citrrn; howev . 
species was most abundant in the northern coastal plain, while L. an g 
dominant in the southern and central parts of the coastal plain, being cn«r y 
in the northern coastal plain. As to the significance of ecological niche as a 
habitat, observations of mcleOD (1937) can be mentioned: In greenhouse / 
persicae lived on most parts of its host plants. Ephedrus persicae attacked only 
that were more exposed, while Aphidius inatricariae preferred shady situa • 
Similarly, we have observed apparent differences in Diaeretiella rapae parasitiza ^ 
depending on whether the M. persicae colonies were on flat and large leaves or o 
tops of plants in a greenhouse. ^ 

zo. Habitat distribution is relatively stable in a given part of a geographic 
tnbution area in various parasite species, although habitat dependence can s 
certain variations m separate climatic zones. Consequently, certain parasite 0,111 
plexes can be recognized inhabiting certain kinds of habitats. In connection wi ^ 
host specificity, seasonal peculiarities, host lifc-cycle, etc., various interspecific rc 
tions can be recognized in the separate habitats. 

21. Geographic distribution. Development of aphids and parasites and differences 
in their relations to the environment caused the present different possibilities o 
aphids and parasite occurrence as to the general distribution. The same aphid specie* 
can be attacked by different parasite species m various parts of its distribution area,®* 
parasites attack the aphid in a part of Us distribution area only, etc. In connection 
with the development of separate parasite faunas, host specificity features, etc., vf 
occurrence of different interspecific relations among separate parasite specie* i® 
vanous parts of their distribution area can be seen. Numerous examples can be (oisaa 
in the chapter on Distribution. . 

Geographic distribution influences also the occurrence and seasonal history ® 
both aphids and parasites. For example. Aphis fabae is a diocaousaphidin C. Europe, 
and two parasite complexes can be recognized which attack it, depending on whether 
it occurs in the forest or steppe habitats, however, in the southern areas, the aphid ** 
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anholo cyclic and a single parasite complex is present there. Similar differences are in 
Forda species, which are holocyclic dioecious in southern Europe and Asia and an- 
holocydic in C. Europe. 

22. Population densities seem to influence interspecific relations among the para- 
sites in two ways: in the frame of a given host species population, low host popula- 
tion means a greater possibility of superparasitism and multiparasitism owing to 
restricted food sources, although there axe other factors preventing these situations, 
such as dispersal, hyperparasites, etc. If there is a parasite species that reveals a good 
searching ability under low population density, it may reach high effectiveness 
under certain conditions, and superparasitism apparently occurs as well; tliis is the 
case of Aphidius ervi and its parasitization of Acyrthosiphon pisuiii in early spring in 
C. Europe, where there may be relatively low density of fundatrices that hatched 
from overwintering eggs, and a high density of parasite population, which over- 
wintered inside the mummified aphids. The other kind of influences of densities on 
interspecific relations occurs in the case of widely specialized parasites: if a parasite 
species attacks two to three species of aphids simultaneously in a given habitat, it 
may become concentrated to two or even a single species due to the emigration of 
aphids from the habitat; if other species of parasites attack also the aphid species that 
remained, it could change the interspecific relations in consequence. These see- 
mingly are the cases of parasites of certain dioecious aphids in C. Europe, but they are 
not satisfactorily known yet. 

23. Hyperparasites ate known to limit the primary parasite populations to a 
various degree. Consequently, the hyperparasitized primary parasite populations 
become less numerous and this can cause changes in interspecific relations as well 
with respect to parasite effectiveness, dispersal, etc. 

24. Community equilibrium influences the interspecific relations m a given com- 
munity. Parasites and other natural enemies are factors that limit the occurrence of 
aphids to a certain level, and they themselves are limited by their own natural 
enemies. Results of fimentel (1961) obtained in mixed and pure stands m Brassica 
oleracea community showed that there was interspecific competition among the 
three aphid species present, Lipaphis pseudobrassicae, Brevicorynt brasskae and Myztis 
persicae, but in mixed stands the aphid species never became sufficiently abundant for 
any measurable competition. Natural enemies tend to preserve the balance between 
species populations and to prevent the extinction of one species by competition; 
Diaeretiella rapac, which attacks all the three aphids mentioned, generally parasitized 
the more dense species to a higher degree than the sparse species. This was apparently 
due to general pressure of the natural enemies on the more abundant species as the 
most dense aphid populations had the largest colonies, they consequently were the 
easiest to be found and parasitized. As a result, the parasites concentrated on the most 
dense population, and the least dense species were omitted. In the case the three 
aphid species would be attacked by several parasite species, different interspecific 
relations would appear in accordance with the density of the separate aphid popula- 
tions. 

Such a regulation, however, is different m different environments, stable and 
unstable environments exhibiting the most obvious differences. 

25. Relations in a community. In a given habitat such as deciduous forest, field 
meadow, etc., a certain community exists which is principally composed of various 
food chains. The parasites can be, depending on their host range, seasonal history, 
etc, members of a single or more food chains in this community. Besides, they can be 
also members of other food cliains in the neighbouring communities .Various rela- 
tions among the separate parasite species may be recognized in consequence: 
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P ^2taoi t ex.tc.n™bc^^ 

where three aphid spcdcs can be found, each of them being a tuched by 
parasite complex, and the separate parasite speci fayrlhsiphm 

apUds present in the alfalfh ecosystem owmg to tter tat ^ 
L„,-A P hiii«' cm, Preen d.rre/e; T/iermep/iis ^ 

nKorfl— Lyiip/iWus/aWiiw, Lipokxb gracilis. , t tc J w [ t h respect to 

26. Other natural enemies. The above factors were .haTlxlnbit their 

aphidud parasites. But there are other groups of natural enema hat 
own peculiarities in their biologies winch are different cad. 

and new viewpoints on interspecific relations can be rccogniz . P? . , 

ccosystcmwould need a special research to show such Specific 

27. Control measures. Man's activities may cause severe chang sm mttx P 
relation, in aphid parasites as they may favour one perhaps 

unfavourable for another species. Introduction of a parasite m» » “ P . 

a classical case , the species must adapt itself m the new ■»«“"“ „f man's 
specific relations are a necessary pat. of such an adapution. Other dfec tc „ 

activity may be found in the influence of nllage, cultivation, 
which may exhibit a different role with respect to mtcrrcbtii^iiia pven to^ 

28. Relations of factors. It is to be seen from this review that the factors m . 

arc far from being equal as to the influence on interspecific relations. SOW" 
such as temperature, play a major role, some arc less significant. Their act n, 
ever, seems to be of a complex character, they mostly condition cacti otn 
sequcntly, interspecific relations are rather complicated. rdeerccof 

29. Relativity of species- superiority. The complex action and different S ^ 
significance of factors influencing the interspecific relations results in the 
there is no species that would be dominant in all respects: some features are 
able, others indifferent or adverse. The conclusions of force u messenger 
based on a comparison of relations of three parasites of Therioaphts trifohi seem to 
well supported: ‘It would seem that the greater the number of criteria sclecte ^ 
basing a judgement of superiority, the more likely are there to be contradictio 
to which speaes will prove superior in nature’. . 

- ecological HOMOLOGUES. General observations on many parasite species co^ ^ 
a erhaps show that numerous ecological homologues can be found. For example, 
pcommon case that several parasite species parasitize the same host in a given na ^ 

However, it is known that ecological homologues cannot coexist for long u 1 
habitat (see: debach, 1964). Therefore, it is apparent that m nature ecological n 0 ” 1 ^ 
logucs cannot be found below the level of habitats, the further requirements o 
species as to the microhabitat being different, otherwise competition and climb** 00 ® 
of one of the species would follow. This state is undoubtedly the result of a 
process, during which the present interspecific relations among the parasite specif 
(and other natural enemies) have developed. Although wc have a certain number® 
rather detailed observations on parasite biologies mentioned in various papers, ,C Y 



do not only deal with the problem of ecological homologues. A single detailed 
study seems to be presented by different papers of various Californian authors 
(SCHLINGER & HAIX, i960, 1961, V.d. BOSCH Ct al., 1959 , I 9 <> 4 , FORCE 3 c MESSENGER, 
1964, 1965, etc.) on introduced parasites of Therioaphis trifolii in California. These 
parasites at first seemed to be rather related ecologically, but further studies have 
shown great differences to occur. We have reviewed the papers and listed the various 
criteria to show the differences, as follows: 

Trioxys comphmaliu (= utilis) 

Note: The numbers are identical in all the species showing the corresponding 
criteria, which are named in the first species. 

1. Progeny: Biparental. 2. Opposition at 2i°C and 27°C: Rapid, frequent. 
3. Searching ability at 2l°C and 27°C: Rapid. 4. Discrimination of parasitized and 
iion-parasitized hosts at 2i°C and 27°C: It does not really discriminate. 5. Host 
instar preference at 2t°C and 27°C: Low aphid instars. 6. Competition in larval 
stage at 2i°C and 27°C: Somewhat higher at 2i°C than at 27°C. 8. Total fecundity 
at 2i°C and 27°C: Highestat 2i°C, lower at 27°C. 9. Developmental period, genera- 
tion time, longevity of adults: Shortest developmental period and generation time, 
longevity of adults short. 10. Quiescent states: Aestival-hibcmal diapause, n. Sea- 
sonal occurrence: Most activity in early spring, and depending on the area, through 
spring and summer and on into autumn and even winter. 12. Dispersal: Low 
(see: 5). 13. Habitat: Hot dry areas. 

Ptaon exoletum {— pah tans ) 

I. Biparental. 2. Less efficient in opposition rate than Tr. complauatus. 3. Less 
efficient than Tr. complanoius. 4. Less efficient than Tr. complauatus. 5. Higher aphid 
instars. 6. Very successful. 7. Very low at 27°C. 8. Highest at 2i°C, rather low 
at 27°C. 9. Intermediate in generation time, developmental period, and longevity, 
xo. Hibernal diapause, ir. Active principally in spring time and late summer and 
autumn. Hot weather conditions unfavourable. 12. High (Alate aphids, see: 5). 
13. Mild areas. 

Aphelinus semiflavus 

1. Uniparental. 2. Slow. 3. Slow. 4. High discrimination of parasitized and 
non-parasitized hosts (lack of superparasitism and mostly of multiparasitism). 
S. Low aphid instars. 6. Fail to survive. 7. Higher at 27°C. 8. Highest at 2i°C, 
lower at 27°C. 9. Longest generation time and longevity over the entire tempera- 
ture range; its developmental period was the longest at intermediate temperatures, 
but was shorter than that of Pr. exoletum at low and high temperatures. 10. No 
diapause. H. Mostly in winter, hot weather conditions unfavourable. 12. Low 
(sec: 5). 13. Mild humid areas. 

Although these criteria in all the species show considerable information, they are 
far from being complete. Host range and geographic distribution are also not men- 
tioned. 

- control. Biological control program starts with the classification of the given 
pest aphid species, with respect to the given area. Generally, three possibilities are 
taken into acount, which also influence the interspecific relations among the para- 
sites (and other natural enemies) in a corresponding manner. 

I. The pest aphid is native to the given area. 

A. Natural food chains: These are the usual results of the natural development 
of the pest organism in a given environment. 

B. Semi-natural food chains: In the case that the native parasites are not too 
effective, other parasite species can be purposely introduced to raise the total para- 
site effectiveness. 
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immigrant host. , 

A. Seminatural food-chains: They arc of two kinds. . 

Aa Accidental, originating as a result of conditions occurring m 
mimity. Example: Parasites oiToxoptcra auremtii in the McitCT . rai J^ t ^ 3tion 
an apparent immigrant of southeast-aiian ongm, bong .pread via Cunts 

^Tb^Non-aceidental, if there is a parasne specie, in, rodueed to 
parasite efficiency. Example: This would be the case tf L r s,pklebu s 
be introduced from Cuba to the Black Sea Coast Cum. area to raue ttetool 1 P 
efficiency. Example: Introduction of Aphidms srntlii to Ctliforma, „ 

siphon pirn an introduced pest, is attacked by secondarily adapted “ P 
P V Artificial food cln4 Thu would be the case tf the md.gtx.om ■ 
fad i„ adapting themselves, various parasites being purposely introduced from 
areas. 

t. The pest aphid is a newly introduced species. u; r h may be 

A. Natural food ebams. In such a ease the original food chatn, ^ “ 
found in the native home of the pest is transferred to the new country , 

“ * ^ « inuod^ aecidmu^d 

native Californian predators, Thcrioaphis trtfohi parasites and pre to 
from the Old World to California. gn 

D. Seminatural food chains. In such a case, the parasites occurring JP 
country have adapted themselves to the new host, and some original native p 
are cither accidentally or purposely introduced. 

Ba. Accidental. Good examples as yet arc unknown. 

Bb. Non-accidcntal. Example: Therioaphis tnfolii in California. . . ^ 

letum and Tnoxys complanaius and Aphelinus sp. were mtroduced to Cali ° n J U ’ . 
indigenous Californian predators, however, being also effective. Chrontap us J 
laiidicola in California is a similar case. - \ w 

C. Artificial food chains. In this case, there are no parasites (natural enei j 
the country of pest establishment, various species being accidentally or purp ^ 
introduced. Examples: Both examples of incidental and purpose introductio 
parasites can be found in the Oceanic islands (sec : Distribution — Hawaii). 

- Indigenous and introduced parasites. An mtroduced pest aphid means a new 
in a country of establishment. As already mentioned above, new food, c 

gradually develop there which can be composed of indigenous and introduced spe 

to a various degree. However, m case of an introduced pest species or parasites, a g 
community must first respond to its presence through mechanisms of comm 
equilibrium; in consequence, new food chains originate. In such chains, the 
specific relations can be of different value, sometimes a strong competition 
appear as well, cooperation not yet being established Example: Therioaphis trip ' • 
and the relations of us fungus diseases, coconellid predators and introduced pat 151 ’ 
With respect to indigenous species of parasites, they may be rather effective m 
certain period of the ) car and, consequently, releases of mtroduced parasites 
to avoid such periods (Acynhosiphon puurn and the rclanon of Aphdius ervi to re e3iC 
A. stnuht in Czechoslovakia) , m other cases, the native parasites arc not effective cs 
in a part of the season, so that timing of the release of introduced parasites can 


carried out irrespective of their action ( Hyaloptents prutii and its introduced parasite, 
Aphiditis trauscaspiats, in Czechoslovakia). 

- Sequential parasitism means a case when an. attack by two or more parasite species 
occurs in consequence of the developmental stages and instars of a host (flanders, 
1965). Consequently, the parasites exhibit various relations in such a case. However, 
sequential parasitism does not occur in the aphids. Their developmental cycle is too 
rapid to enable the development of separate parasite species that would develop 
during one aphid instar. Some parasites prefer certain aphid instars, but sequential 
parasitism in such cases can mean only superparasitism and/or multiparasitism as only 
a single parasite larva completes its development. 

Multiple introduction. Interspecific relations seem to be just important in some pro- 
blems of parasite introduction in a biological control program. Generally, two view- 
points arc recognized: 

1. debach Be sundby (1963) consider multiple introductions to be advantageous in 
biological control, 

2. tubnbvju. sc CHANT (1961) consider that the more species of agents that attack 
tlxe sooner competition will start and the more severe will be its effect; consequently, 
it is recommended to avoid large numbers of parasite species. 

These opinions will be discussed in the chapter on biological control in more 
detail. With respect to interspecific relations, we can only point out that the state 
that occurs in nature must be our guide in a parasite introduction program as well: 
Natural food chains arc composed of groups of various predators and parasites, 
never from a single species; their action is basically complementary. 

REFERENCES. IO, 21-2, 45, 90, II4-6, I2J, 126, 128, I2p, 158, I60, 2J2-6, 268, 29I, 

301, 356-9, 364, 399, 402, 417*9, 4 21, 425. 450, 47 * » 484, 502, 510, 54°-*, 646, 688, 
702, 703, 748, 767, 806, 82(5, 894-5, 946, 971, 997, 1003, 1005, 1019, 1034, 1062, 1072, 
HOI, 1163, 1189, 1233, 123S-9, 1273, 1281. 

Aphid-attending Ants 

The relation between ants and natural enemies of the Homoptera represents a 
special topic. As the natural enemies of Homoptera do not constitute a homogeneous 
group but belong to various insect orders, we shall deal here only with aphids and 
associated insects due to the scope of this book, the rest of the Homoptera like coccids, 
etc., not being considered. As a result of the rather intensive investigations of the 
aphid predators, their relationship to ants seems to be known at least regarding the 
basic features, while the aphid parasites, due probably to the rather poor knowledge 
of their taxonomy and ecology, have been left almost untouched except for some 
cases mentioned below. 

To illustrate the inadequatencss of opinions and their accidental selection, a short 
review of papers dealing with aphid-and-aphld parasite association is given below. 

- Attendance by Lasius-ants . el-ziady & Kennedy (1956) : Occasionally, the Lasius sp. 
ants appeared to notice and ‘run at’ adults of a parasite, Aphidius sp. (probably 
Lysiphlcbus fabarum — author’s note). Ant attended aphid; Aphis fahae. 

banks (ref. after way, 1963): The ants Lasius niger l. disregarded aphid parasites. 
Ant attended aphid: Aphis Jabae. 
pontin (1955): Aphidius sp. were not noticed by Lasius niger t. 
wiciiMAN {1955): Aphidius sp. were not noticed by Lasius niger t. 
banks (ref. after way, 19(53): He even found the ants Lasius uiger E. palpating 



„ w hile they were ovipositing in Aphids. Ant attended aphid: Aphisfib*. 

out that there must be a selection pressure favounnga^ 
tolerated predator" and parasites such as the aphid 

adult is fed by regurgitation from Lasms mger workers and by p J ^ . 

obtained in both instance, by ant-like felt neei 

ROTHSCHILD (1963), when studying some aphids and their parasites « 

in Gr E .tain, oWed that aphid colonies altended by ants (speciesnot id™ W) 
were unparasitized, neighbouring colonies free of ant, were 
(apliids: Hyoloptttus pnnii, parasite — EpheJrus plagimr, Praon srohac. p P 
parasite — Trioxys aiigclitae). lhat the parasites 

- Aumimce ly Formico ants, wellenstein (.957) -J nccde d 

tAphidiiu sp., Trioxys sp.) kill madequatcly tended surplus aphids tha 

by ants. He tadicated experimentally that .he mentioned parasites were dum brfby 

theant activity but notattacked. He also demonstrated iheimportanceofro^ 

bets where the same aphid species as occurred above ground are free f 0 1 P . . . j 

MASON (1922) gives two iscs of ant (probably Formic. *.-?»*<* 
parasite relationship : Xtmstigmus Iu/<ikmm,(asiimead) : a very abun 
parasite (of Cbm Spp.-author’s note) and occasionally was observed oJosirmSJJ 
the apliids. It would fly to a branch on which the aphids were feeding an PP^m, 
the colony cautiously within a close range, then make a quick nis ^ 

twist the abdomen between and under the legs, quickly pierce the p ^ ^ 
ovipositor and run back. If undisturbed, it would repeat this prac 1 t yjj 

However, the ants which usually attend these aphids would often , , 0 

invader and drive him offbefore he reached the aphids. The parasite also 1 P 
be afraid of the ants. Ants also protect them {Chun spp .- author 1 1 note) By 0 » 

away their parasites and predatory enemies. The most noticeable dclens 
of cover built over them by the ants. The primary purpose, probably, wa 
parasites away but it would also serve as ptotcction against cold and storms,, • 
aphid never occurs in large numbers probably due to the high percentage o p 
sitism. Its Urge size makes it an easy prey for hymcnoptcrous parasites. OQ of 

- Attendance by undetermined ants. According to ullyett (1938) ovipositing 
Diaerettella rapae (= 'Aphidius sp.’) arc disturbed by ants in their efforts to pro ^ 
their hosts; in a colony, where ants arc numerous, the efficiency or P" . ^ 
decreased and the colony continues to flourish. The efficiency of Diaeretie a ** 
inverse ratio to the prevalence of ants. . f 

HiLLE JUS lambers (in a letter) suggested that there is a record on a direct attac 
ants on parasite mummies known from C. Asia, the aphid being perhaps l t 0 
roides pcrsicae: unfortunately, wc have been unable to find the paper menuonc • 
stary (1966) summarized his original observations and showed that gencr ^ 
there is no ant influence on aphid parasites, many examples being mention^ 
(details, see below). 


The results can be summarized as follows : 


3 dif- 


a) The different cases studied arc quite occasional, without any respect to 

fcicnt groups of apliids and parasites. . , 

b) In all cases there is a lack of knowledge of parasite group ecology. w ^' U 
caused by tlic lack of such data in general at the corresponding period. 

c) Only T cnnica- and Lis 1 us- ants arc practically dealt with. . , 

- APHID - ant Relationship. The following three types of aphid-ant rclatio 

can be recognized - ^ 

1. Constant, if u is continuous and results in adaptations both in morphology ^ 
ecology of the aphids. 


2. Temporary', if the aphids are attended by the ants for the whole season or for 
a part, therela tionship forms without resulting in apparent morphological or ecolog- 
ical adaptation. 

Many holocydic dioecious aphid species might be dted as examples. They occur 
in spring on certain plants (trees), being attended or unattended by the ants there, in 
summer they migrate to stems and leaves of other plants, where the ants do or do not 
attend them. In this case the relation between the ants and aphids is not a very close 
one. 

3. Facultative, if the ants meet or occur in the colonies of aphid species belonging 
to this type quite occasionally and have no relation to them. This is a common 
case. 

Of the three groups, apparent adaptation has developed in the aphids belonging 
to the first group only. These aphids, being closely associated with ants, have in 
general poorly developed structural modifications, which may be used for the defense 
against the natural enemies, when compared with unattended aphids (cornicles, 
dense wax filaments, heavy sclerotization of cuticle, saltatorial legs, etc.) Similarly, 
the constant aphid-ant relationship requires a certain type of aphid's life cycle. The 
obligatory host alternation, which occurs in the holocydic heteroedous spedes, 
prevents a continuous association with ants, although the aphids may he attended by 
ants either on primary or on secondary host plants, or on both, while the holocydic 
monoedous and anholocyclic spedes can continuously associate with the ants. 

- grouping of parasites. From this viewpoint, the parasites may be divided as 
follows: 

- 1. Parasites of aiit-uuattendcd aphids. This is quite a numerous group induding 
many spedes whose hosts have no relation to ants, e.g.: Dyscritulus phmiceps, Trioxys 
cirsii, Moitoctouus pseudoplataiii — all being parasites of Drepatiosiphtim platanoides. 
Further, Aphidius futielris, A. absinthii, Praon dorsale, Pr. absinthii, Ephednis campestris, 
Trioxys centaureae , Tr. paiuioniais, etc., all of them are parasites of certain Dactynotine 
aphids (Dactynotus, MacrosiphonieUa, Titanosiphon, etc.). If parasites of this group meet 
an ant in or near the host aphid colony, it is an occasional meeting and it cannot be 
generalized as to the mutual behaviour. 

- 2. Parasites of ant-attended aphids. This group can be subdivided : 

- a. Non-spedalized parasites (Figs. 268, 269) — Their relation to ants depends more 
or less on their behaviour in relation to aphid hosts, and it can be considered ana- 
logous to o ther responses evoked by the mechanical stimuli coming from the environ- 
ment. 

As mentioned above, the morphological and ecological adaptations for defence 
against natural enemies are rather poor in ant-attended aphids. A behaviour that 
would correspond to that of the host would he expected to develop in the parasites, 
too. This is really true in the parasites of these aphids; the behaviour being typical in 
a long act of opposition, negation of weaker mechanical stimuli, etc. 

Lysiphlebus fabarum, a common parasite of various aphids (Aphis, Brachycaudus , 
etc.) in Europe: we observed its behaviour in an Aphis fahae colony on Cirsium sp. 
The aphid colony was numerous, the percentage of dead, mummified aphids was 
high. The colony was densely occupicdby Lasius niger ants and there were about right 
adult specimens of parasites present, which had newly emerged, attacked intensively 
and oviposited in instar II and III of the aphids. The ovipositing parasites were often 
tapped by the ants’ antennae, hut they laid eggs without interruption, the opposition 
Lasted for about 40 sec as usual. The ants* bchaPour was indifferent and the parasites 
were tapped in the same manner as the aphids. But when disturbed by our slightly 
beating the plants with a pincette, the parasites were quite indifferent and opposited 
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Fig. 269. Cinara sp. on Abies alba. Inset: ant-attendance. 

— which is their usual behaviour in such cases — while the ants responded in a com- 
pletely different way, assuming a defensive attitude and shielding the aphids. 

This type of relation between ants and aphid parasites can be confirmed by a 
similar case, observed in the colony of Chaitophorus sp. on Populus tremula. The 
colony of aphids was strongly parasitized (many mummified aphids present) by 
Lysip/delms salkaphis. The adult parasites, probably newly emerged from the mum- 
mies, moved in the colony and infested and oviposited in the aphids. Two ant species 
— Lasius sp. and Formica sp., species of a very different behaviour, — occurred in the 
colony. The ants of both species tapped the adult parasites with the antennae, and 
they did not seem to be disturbed. When the plant was slightly beaten with the 
pincette, the ants reacted immediately, and, especially Formica ants, assumed an 
aggressive attitude. 

It results from our observations that the ants are indifferent to the aphid parasites, 
and shield them and the parasitized (both still living and dead mummified) aphids 
from strong adversory stimuli. The degree of parasitism of aphids by parasites does 
not depend on the presence or absence of ants, as the parasites disregard them. On 
the contrary, the ants shield even the colonies with a high percentage of dead mum- 
mified aphids. From this point of view the importance of aphid parasites is even 
greater. 

- b. Specialized parasites - In the parasites of this group, besides the parasitism on 
aphids attended by ants, a particular relation to the ants has developed that can be 
considered as a case of mutualism (Fig. 270): 

Paralipsis cnervis may be taken as a representative of this group. The ants behave to 
the adults of this parasite as to other sympbiU, palpating them; regurgitation was 
observed, too. Besides, the ants mutilate the wings of parasites as it is usual in other 
cases of mutualism. The close relationship of P. am vis to the ants is apparent also in 
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Fig. 270 . Paralipsis enervis fed by Lasius- ant (after maneval, 194°)- 


its morphological resemblance to the genus Lasius. Evidently, this is a d P ^ 
tion to the most abundant aphid attending ant species, as P. enems parasitize q 
number of root aphids of various groups, which are attended by Lasius 
ularly. Moreover, the movements of the adult parasites are typical, too— the a 
bent down in a specific way is quite unusual in the aphidiids, suggesting a co P ^ 
adaptation of the parasite to the ant nest environment. P. enervis also hibernates in 
adult stage m lawws-nests, while the other aphidiids overwinter in the prep P 
stage inside mummified aphids. This is also an adaptation to the nest life an 
environment, as many species of underground aphids cannot survive tn 
except with the ants that are apparently adapted to tending them. ff and 

As the wings of the P. enervis arc mutilated the parasite 9 is unable to fly o ^ 
search for the aphids in other environments. Its dispersal b secondarily restn ^ 
the first visited ant nest and depends on the dispersal of the undergroung a P^ 
species which in turn are dependent on ants in dissemination. This b of course n 
true of the newly emerged 99 of the parasite that fly and dbperse on longer distan 
and attack a number of various root collar and root aphids. • 

All morpho-ceolo gical adaptations mentioned are well visible in the food sp 
ficiry of the parasite, as it attacks a number of root aphids attended by ants, u t J 
live in the underground ant chambers or inside ant runs (or shelters) around ro 
collars of various plants. .. 

Nevertheless, the fact must be stressed that P. enervis has to be classified pnm 
as a parasite specialized to the parasitization of root aphids, being from thb point o 
view an equivalent to parasites of gall-producing aphids, leaf-curling aphids, « 
The dose attendance of the parasite by the ants is a secondary character that develop, 
during the long contact with root aphid environment to which also the apni 
attending insects belong. Thb b stressed by the ability of P. enervis to occur and par 1 " 
sirize root aphids unattended by ants, mummified aphids and parasite 9$ wlt ‘ 3 110 
mutilated wings being found in thb case. 


To illustrate the above mentioned generalized notes on the relation of parasites to 
aphid attending ants, some selected results of our field observations made in Italy 
(stary, 1966) may be mentioned. During these observations, we collected all the 
ant species in aphid colonies. The aphid colonies were then put in vials to rear para- 
sites. Although the samples taken mostly do not represent the typical ant-attended 
aphid species, temporary ant-attendance being most common, it is recognizable 
from this material, that the aphid colonies included both parasitized and unpara- 
sitized aphids, whether the ants were present or not. Similarly, the same can be said 
of all the secondary parasites— the Charipine cynipids, the proctotrupids ( Lygocerus ) 
and chalcids (Asaphes, Paehynettroit, Coruna, etc.). The results obtained in this way 
show that the aphid colony (Chaitophorus, Aphis, etc.) were often attended (or 
visited) by two or three species of ants of a very different behaviour (Formica, Lasius , 
Cmnatogaster, Jridomyrmex, Pheidole, etc.). Nevertheless, parasites were reared from 
these colonies that were later collected. This fact stresses further our observations 
mentioned previously that the ants disregard the parasites, otherwise parasitized 
aphids could hardly be found in a colony attended by three different ant species. 
Similarly, the following results can be obtained from summarizing the parasite-ant 
list: certain aphid parasites, because of food specificity factors, are typical of certain 
aphid groups, being reared from colonies by ants attended or visited irrespective of 
the presence or absence of ants, of the number of species or specimens of ants present. 
- Aphid attending ants and parasites. The following three kinds of relations of ants 
to aphid parasites may be recognized : 

1. Relation of aphid attending ants to parasite adults. As our observations have 
shown the ants Ignore the presence of the adult aphid parasites in the attended aphid 
colony. It results that the parasitizadon of aphids in the open does not depend on the 
presence or absence of the ants, this being determined by other factors. That is why 
adaptation lias developed in the parasites only of a secondary character (like mutual- 
ism in Paralipsis etiervis — Lasius sp. case). 

The ants protect (see way, 1963) the aphid colonies from the natural enemies 
(predators). But because they ignore the presence of adult parasites in the colony, 
they thus indirectly protect the parasites, too, safeguarding their more or less un- 
disturbed oviposirion and thus increasing the percentage of parasitism (Fig. 270). 

2. Relarion of aphid attending ants to mummified aphids. In a certain stage (last 
instar) of its development, the larva of the parasite kills the aphid, spins the cocoon 
inside the empty aphid skin, fastens it to the surface of the leaf and pupates. Such 
aphids are clearly recognizable in the aphid colony and they are generally called 
‘mummified’. 

The ants usually attend the mummified aphids similarly as the other living aphids 
(Fig. 271). There is only one exception known, that of Lasius fuliginostis LATR. This 
ant species attends, among other aphid species, also the Stomaphis spp. aphids that 
are infested by the parasite Protaphidius wissmattnii. In this case, the mummified aphids 
are nibbled by the ants (Fig. 272), so that only a shiny ball, the true parasite cocoon, 
remains. But the ants protect this cocoon in a similar way as they do the living aphids. 

3. Relation of aphid attending ants to living parasitized aphids. The parasitized 
aphid, containing an egg or lower instar parasite larva, is not recognizable in the 
colony. It moves and feeds in the usual manner. Gradually, as the parasite larva 
develops, the movements of the aphid are slower and at the end it is killed by the 
parasite (sec above). No differences in behaviour of the ants to healthy or parasitized 
aphids have been observed. 

- Parasite specificity. If we compare the ant attended aphid groups and their para- 
sites with respect to the factors influencing the host range of the parasites (see: Host 
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Fig. 271. Aphis schneider i oil Ribcs nigrum, ant-attcndancc by Lasius-ant. The colony 
is heavily parasitized by Lystpltlebus ambtguus. 


specificity), it is obvious that the ant attendance of the host aphids docs not influence 
the host range of parasites, although secondary adaptation in parasite behaviour may 
develop in some cases. 

From this point of view, the aphid behaviour has the most important role, t e 
parasite bemg adapted on it, similarly as in the case of the mode of aphid hfe» 0 
habitats, etc. , 

A strict attendance of aphids by ants and their defence against parasites woU " 
surely cause an elimination of certain species or groups of aphids that would not be 
attacked by parasites. We know some eases when a certain group of specialized 
ant attended aphids (Jrama spp.) is not parasitized, better to say, we still do not know 
any aphidud parasite infesting it. But such eases arc bebeved to be the result of either 
poor knowledge of parasites of a certain group, or, as in other cases in unattended 
aphids, a certain group of aphids may be free of aphidud parasites in general 'flu* 
depends on a number of other factors. Generally, in accordance with the ecology 0 * 
the parasites, we can say that the aphidnds arc today mostly connected with ucC' 
uving aphids, Icaf-curhng and gall producing aphids etc., while the true root apWd 
species arc parasitized by a comparatively low number of parasite species. 



Fig. 272. Protapludius wissiiiannii, mummified Stomaphis qucrcus aphid. From left fo 
right: gradual nibbling of the aphid skin by Lasius-ants, the true parasite cocoon 
remaining at last. 


- Relation of parasites to aiit-nms. There is no doubt that the runs built by the ants 
around the colonies of root collar aphids namely, have a great importance for con- 
trolling the humidity, temperature, etc., favouring the aplud colony development in 
this way. Nevertheless, there exist certain viewpoints in the literature (see Chapter HI) 
that these runs have also the significance (or their mam role) of protecting the aphids 
from the natural enemies. As our numerous observations have shown, this is not 
true in the case of parasites. The parasites are able to attack aphids also msidc the runs, 
usmg probably certain holes in the runs to invade it, or they arc specialized for such 
a kind of life ( Paralipsis ) apart from the period of high temperature and humidity, 
when the aphids spread out of the runs all over the plant as in the case of numerous 
aphid species living on root collars in spring (Figs. 253, 268). 

- natural limitation. Observations of various authors have shown that in con- 
sequence of the ants’ activity, i,e. increasing the environmental capacity for the at- 
tended aphids by removing honcydew or excavating galleries around suitable feeding 
sites, the aphids can remain m favoured parts of the plant for a longer time and in a 
larger number than in the absence of ants. 

The ant-aphid-parasitc association may be, in certain cases, suitable for the natural 
limitation of aphids. As mentioned above, the aphid parasites are disregarded by the 
ants. It follows that the aphids are parasitized by the ants present or not. In view of an 
increased degree of parasitism, which is, however, influenced by a number of other 
factors not mentioned here, the attendance of ants means a possibly prolonged 
occurrence of the aphids on a certain plant in a certain habitat, higher rate of multi- 
plication, delayed production of winged forms, etc. (comp, el-ziady & Kennedy, 
1956, JOHNSON, 1959), and thus a theoretical possibility of the aphid limitation by the 
parasites. If we do not consider the occurrence of ants as attendants of the aphids 011 
cultural plants, where the protection of the aphids from predators could have a 
negative eflect, the aphid-ant relation is actually advantageous m view of the natural 
limitation of aphids by parasites. Particularly if the aphids on the primary host plants 
arc hctcroccious, the relation to ants means a longer stay on the primary host plants. 
Since the aphids (in connection with the temperature they require for reproduction) 
are usually numerically much stronger than the parasites, such a prolonged stay of 
the apliids is advantageous if the parasites occur, as it means a longer contact pos- 
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stbilttv of .he pushes with the aphid., i.e. increased paraaitiaanon and dmeased 
number of aphids migrating to other habitats (particularly of the steppe type), 

ttat Of the parasi.es ,o .he a„.s, as in ,hc case of 
supposed .o be less suiuble for .he dnpersal and effect. veness of .he 
wSgs of W are mutilated by ants, the dispersal of the parasuc n secondard) 
one ant nes., from which 1. can spread to the nearest ne.ghbourhood only. B 
since P. mavis svas sometimes found to be a raiher effective paran.e speaes ns Ue 
history in relation to the influence and disper sal of newly emerged P“V‘“, 
ant trot in parricular should be fut.her studied, as tt is the commonest of the few p 

site species that can attack the underground aphids. , bi„1„uical control 

- BIOLOGICAL contxol. The aphidtid patas.tes have been used as . 

agents practically only in the pas. few years. Unfortunately. m all of the Arceg 
ally known cases of useful biological conuoi—Thamphs tnjolu, Acps P ^ 
pi sum and ChrcmphisjuglmiiroU the aphids do not belong to ant-attende pe ^ 
that allied problems of introduced parasires-ant relationship, etc., were not 

Nevertheless, according to our observations, the following poults have to be 
stressed in respect to biological control: , colony. 

1. The aphid parasites arc indifferent to ant-attendance m the p 

Similarly, the aphid-attending ants disregard the parasites. . 

2. Morpho-ecological adaptation of parasites due to the ant-attendan ^ 
host aphids, if developed, arc of a secondary character. The presence or 

ants is not an important factor controlling the parasite effectiveness. . f - 

3. The ant-attendance of aphids docs not seem to influence the parasite - n 

4. The am-attcndancc of the pest aphid controlled has, however, to be 
m nd when evaluating the ecological characteristics of different species ot par 
be fore attempts of an establishment are made. 

The peculiarities of the relation of aphid parasites to ants may have a f r - 0UJ 
significance in biological control of aphids. As has been mentioned by ' ^ 

authors (sec: way, 1963), predators arc often attacked by aphid-attending ana, ap ^ 
colonics being protected in this way from the predators attack. On the other 
our observations (staky, 1966) have shown, aphid-attending ana ignore the p 
sites. Theoretical conclusions may be made in consequence that m case the co ^ 
ness of predators is limited by the ants, biological control agenu effective cnoug 
not at t ac ke d by die ants should be used. Just the parasites seem to be a suiuble 
Moreover, as the ants remove hone) dew from the aphid colonies and favour ^ 
conditions of the aphid colony, they simultaneously prolong the aphid presence^ 
a plant and enable better effectiveness as well, as the latter is usually the greatest J 
before the apliids emigrate from the plant. , 

One apparent example of such biological control activities can be mentioned-'' 
Afftu X eufpU as a cotton pest in tropical Africa (peakson 1958). This aphid be- 
came a senous pest on cotton. Although it had Wen at fust a pest of minor 
nificance, its outbreaks followed apparently the use of insecticides when 0 
pests were under control. As one of the factors affecting the prevalence of the ' 

pest, which was demonstrated in Africa. 11 ant-attendance. Well-defined 
(watering of plami) in which >oung cotton plants were annually heavily infest 
aphids were shoati to centre on nests of the ant. \(pmua luiulensit (MW.)* w Vj 
fosters A?hu jjsuypw. feeing on us lecretion and appearing to destroy 
larvae (rtAisos »9jS) As almost no parasites ha\e been observed to atut* * 
Xvujf w on cotton in Africa except one rare case, the introduction of effective paras^ 



species from climatically related countries could be useful due also to the peculiarities 
in parasite behaviour to aphid-attending ants. 

integrated control. A. similar aspect as that on biological control of aphids and 
ant-attendance may be applied also in the integrated control basic research. 

The contemporary situation in this respect has been recently summarized by 
de fluiter (1966) when dealing with aspects of integrated control with reference to 
aphids and scale insects: ‘colonies of aphids and scale insects are often visited by ants 
feeding upon excreted honey-dew. Sometimes the ants afford protection to apliids 
and sole-insects by preventing them from being parasitized, eaten by predators or 
infested by pathogens. Where the ants are controlled, predators, parasites and patho- 
gens have a free access to the colonics to destroy them rapidly. In other cases the ants 
manifest their ownership by carrying the aphids or scale insects away when the nests 
axe disturbed, or by actually breeding them on roots in their nests or in the neigh- 
bourhood. Then the control of the ants may result in a collapse of the aphid or scale 
insect population. 

Although the mentioned summary is too general, there is no doubt that the 
peculiarities of aphidiid parasites-aphid-attending ants relationship may apparently 
somewhat modify the integrated control of the ants program. 

REfERENCES. 26, 38-41, 50, 84, 99, I46, I48, 225, 238, 282, 288, 308, 314, 321-2, 
389, 394, 400, 409, 452-3, 460-1, 481, 522, 536-7, 570, 598, 600, 6l8, 624, 704, 719, 
732, 772, 7 Sl . 791, 793, 793. 827, 840, 845, 872, 901-3, 919, 929, 945-$, 947, J007, 
1013. mo, 1125-tf, 1238, 1276, 1288, 1301, 1338-9- 


Natural Enemies 

Like every group of animals the aphidiid wasps can be attacked by various natural 
enemies. This can be either due to interspecific relations between the primary para- 
sites, or primary parasites and predators, or the natural enemies may be obligatory 
agents that limit the numbers of the aphidiids as primary parasites of aphids. We have 
decided to restrict ourselves to a short review of the natural enemies of the aphidiids, 
is, wrasdamg vc, wat vpaaau acra/Aits Wjl t-t/cAd be 'written aWoi each gitrap of the 
obligatory natural enemies of the aphidnds, the relations to the aphidiids will be even 
more complicated as the level of relation between primary parasites and hyperpara- 
sites is a higher one. Some observations, such as those of broussal (1966) at least 
partially, initiated in showing these complicated relations. 

, I- Entomophagous fungi. A descendent stage of an aphid colony as well as cooler 
and rainy periods of the season can often be observed to be followed by an appearance 
of fungus disease. Fungus disease can reduce the aphid numbers considerably. 
Weather conditions enabling the rapid dispersal of a fungus disease seem to be mote 
useful for aphid control than the appearance of the disease at the descendent stage of 
an apliid colony, as in the latter case mostly the remaining aphids that did not emi- 
grate or were not eaten by natural enemies, arc reduced. Fungus disease apparently 
infests both healthy as well as living parasitized aphids. Even the infestation of para- 
sitized mummified aphids is mentioned in the literature (lyle, 1918). However, the 
infestation of parasitized aphids is only an occasional phenomenon. Fungus diseases 
can infest all the apliids present in a colony, consequently, they must be classified as 
facultative enemies of the aphidiid parasites. 

2. Aphid predators represent a numerous group of insects. Some Acari of the 



thrombidud group can often be observed to attack aphids, in more bunud » 
habitats for instance. Some Ncuroptera are common aplnd predators. Mny f 
of the families Clirysopidac and Hcmcrobudac may feed obligatorily on apluds, b 
m larval and adult stage. The order of Thysanoptera includes al» some 
groups which are known to feed also on aplnds. Some groups of the H eraopteta, 
for example the anthocorid, mirid, and uabid groups, represent aphid predators as 
well, both in nymphal and adult stage. The Coleoptcra include a numerous group o 
the Coccincllldae many species of wludi represent obligatory predators o P 
both as larvae and adults. Some groups of the hymenopterous superfamily Sphe 
idea are also aphid predators. The adults collect aphids from colonics and use them 
food for their larvae in underground nests. Of the Diptcra, there arc three gr P - 
the Syrphidae, Itonididac and Chamaemyidae, wliich include many aphid predators. 
These species arc predative in larval stages only, while their adults do not ec °’^P . ' 
Besides these mentioned groups, which are mostly obligatory predators o P ’ 
there is a number of aphid predators, which arc, however, more or less facuitar 
Some Orthoptcra, staphylmid or carabid beetles can be mentioned. As to g 
groups of animals, some birds and mice arc known to feed on aphids, too. 
groups of predators, both obligatory and facultative feeders, do not seem , . 

tinguish between healthy and parasitized aphids and thus they represent a 
predators of the aphidnd parasites. Nevertheless, none of them is an o g 
predator. As to the dead mummified aphids, they may be devoured facu tatwc 
various predators. Wc liavc observed chrysopid larvae attacking the aphid m 
and feeding on the developmental stages of the aphidiids contained in t cm. 
parcntly, all the groups of aphid predators which have strongly sclcrotizcd man ^ 

can feed on aphid mummies, while dipterous larvae arc unable to do so. T c g 
of mfcstation of living and mummified apluds is perhaps due to the degree 0 
ploitation of food sources. If the aphids arc numerous, hving aphids arc app arc 
preferred. However, when aphids arc scarce due to emigration, natural en y 
action, etc., the larvae of predators which disperse very slowly in search ot t c • 
consequently feed on all the ‘ aphid-hkc’sourccs, including the mummified ap ^ 
3. Aphid parasites. In the aplnd parasites, which represent enemies of the apni 


wc can distinguish two groups: ^ 

The first group, which includes primary parasites of other groups such as 
Aphclmidac, docs not represent natural enemies of the aphidiids in the strict sc 
of the word, they occur only as their enemies in case of interspecific compel 
(multiparasitism, etc.). , 

Another group of apliid parasites includes all the hypcrparasitcs of aphids. Vf 
arc obligatory hypcrparasitcs of the aphiduds during their development, their ad 
being freely living msccts; therefore, they arc typical parasitoids, as the aphiduds are. 

There arc three main groups of the Hymcnoptcra which include the hypcrparasitcs. 
the chalcids (Ptcromalidac) and the proctotrupids (Ceraphronidac) include ecto- 
parasites of the aphidnd last mstar larvae and pupae, while the cympids (Charipmac 
subfamily) arc cndoparasitcs of the aphidnd larvae. Consequently, various relation 
can occur among these hypcrparasitcs, either secondary or even tertiary parasitism 
being distinguishable (sec : interspecific rclauom). 

All the groups of hypcrparasitcs mentioned pupate inside the apludud cocoon, 
which is either inside or under the parasitized apluds. Their presence may be cas ; 
recognized by the shape of the emergence hole, wluch lias irregular margins, and 1 
can be thus easily distinguished from tlut of the aphiduds wluch is circular, oitefl 
beating a lid. 

There is one basic aspect that u applied with respect to the natural cncnucs oft^ 


aphidiids and aphid limitation: the aphidiids are primary parasites of aphids, they 
consequently represent one of the components of the aphid-natural enemies food 
chains. Therefore, as they participate in the limitation of the phytophagous insects, 
i.e. the aphids, they themselves must be limited through the action of their own 
enemies, the hyperparasites; the interspecific relations between the primary natural 
enemies are another part of the question ; both the degree of action of hyperparasi tes 
and primary natural enemies of aphids is regulated by the equilibrium of a given 
community. Although all the natural enemy groups exhibit a similar pattern in all 
the communities, it is apparent that certain communities owing to their specific 
features show a certain prevalence of a given group of natural enemies, although its 
influence on the aphid numbers is regulated by the community level. For example, 
fungi may generally be found to be rare in the field communities of the temperate 
zone of Europe during drier and warmer penods and to be common in autumn when 
the day is shorter and weather is colder and more humid. However, typical con- 
ditions rather similar to those described occur continuously ui some of the tropical 
communities (mountain tropical rain and cloud forest) where we observed a common 
occurrence of fungus diseases of aphids (Cuba) in a rather more significant way than 
in other communities of the same area. 

It seems necessary to stress one aspect as to the relation of the aphidiids and their 
hyperparasites. In a similar way as the primary parasites arc useful for their hosts, the 
aphids, in limiting their numbers and preventing overpopulation and the resulting 
exhaustion of food sources, the hyperparasites must be kept as being useful for their 
hosts, the primary parasites as well in a similar way. When the primary parasites arc 
not limited by their hyperparasites, their numbers gradually grow higher and over- 
population follows. Although dispersal is one of the means that prevent the elimina- 
tion of a parasite species in a given plot through overpopulation and exhaustion of 
food sources, it is apparent that the hyperparasites act m a similar way, although the 
result of the action of hyperparasites is different — they kill the primary parasites con- 
trary to the dispersal of healthy primary parasite adults from a given plot. In a short 
given period, it is the same for the community level, whether a parasitized aphid is 
hyperparasitized or not as it is killed in both cases; however, the next period of 
aphid-primary parasite relation may be influenced in a different way. The interactions 
of the host aphid, primary parasite and hypeeparasite seem to be best apparent in 
host-parasite systems in laboratory conditions as mentioned by way (1966); In 
systems containing only Brevicoryne brassicae and Diaeretiella rapae, the host was 
quickly eliminated when parasite dispersal was prevented, but with dispersing aphids 
and primary parasites removed, an oscillating host population has been maintained 
for over 300 days; there are indications that Charips sp. hyperparasites damp such 
oscillations (laboratory). 

Natural enemies of the aphiduds have to be taken into account m aphid control. 
Laboratory rearings of primary parasites must be kept in pure culture to prevent an 
introduction of a secondary parasite or even a predator. Similarly, strict quarantine 
measures must be applied when shipment of introduced material is received and put 
into the quarantine laboratory for rearing, as often aphid mummies are sent which 
contain both primary parasites and hyperparasites. Pure cultures are easier to obtam 
in laboratory rearing rooms, where an introduction of a hypcrparasite from out- 
doors can be prevented. There is a greater danger of accidental introduction of a 
hypcrparasite to pure culture reared in a greenhouse. Care must be taken as to the 
development of entomophagous fungi in the rearings. Where there is no controlled 
photoperiod, as in a greenhouse, the fungus disease usually appears m autumn in the 
temperate zone (short day, humid and cooler conditions, etc.), and may reduce the 
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rearmgs considerably; the best protection of the rearings seems to be the controlled 
photoperiod and temperature conditions. 

The action of hyperparasites is generally considered to be harmful as they can 
reduce the numbers of primary parasites considerably and cause a decrease of their 
action. Some authors (e.g. paetzold & vater, 1966) even mentioned some measures 
to lower the degree of hyperparasire effectiveness. Nevertheless, according to our 
opinion mentioned above, the action of hyperparasites must be classified first as a 
necessary part and law of the community equilibrium level. It seems perhaps better 
to have their necessary action in mind and develop a corresponding measure in an 
integrated control program. Better to say, the decrease in aphid parasite numbers 
does not mean that there will be a temporary lack of a controlling factor, as it is 
known that because of co-operation, other natural enemy groups may increase as to 
their action in a corresponding way (sec: interspecific relations, natural limitation). 

REFERENCES. 137-8, 301, 3 43 ,~4,377, 421, 312-14, 333, 646, 680, 730-1, 789, 806, 807, 
854-6, 1125, 1278-9. 



CHAPTER. VII 


Phytogeny 


The aphidiid parasites have apparently originated from the braconoid groups of the 
ichneumonoid complex of the Hymcnoptera. Although they are closely connected 
with the archaic groups of the recent family Braconidae, with the subfamily Eupho- 
rinae namely, they represent both morphologically and ecologically a strictly 
defined group which cannot be included in the Braconidae. The strict separation 
of the whole aphidiid group to the parasitism on aphids shows the apparently 
ancient character of this relationship, stressing the separation of the aphidiids as a 
separate family of the parasitic Hymcnoptera. 

A REVIEW OF FOSSIL GENERA AND SPECIES 

Genus: Ephedrus haliday, 1833. 
f E. primordialis brues, 1933 (Baltic Amber), 
f E. mirabilis timon-david, 1944 (Bass, de Marseille, Ohgocene). 

Genus: f Prolephedrus quilis, 1940. 

■f P. terciarius quilis, 1940 (Haut Rhin, potassium layers, Tertiary-Oligocene). 
Genus: f Propraon brues, 1933. 

f P. cellnlan brues, 1933 (Baltic Amber). 

Genus: f Archipraon stary (inlitt.). 

■f A. gausai (quilis M.P., 1940) (Haut Rhin, potassium layers, Tertiary-Oligocene). 
Genus: f Praeaphidius stary (in htt.). 

t P. macro phlhalmus (brues, 1933) (Baltic Amber), 
f P. microphthahnns (brues, 1933) (Baltic Amber). 

Genus: ■{■ Holoaionnts quilis, 1940. 

f H. braconiformis quilis m.p., 1940 (Haut Rhin, potassium layers, Tertiary~Oh- 
gocene). 

Genus: f Pseudaphidius stary (in lirt.). 

■ ■ P. cenozoicus (quius, 1940) (Haut-Rhin, potassium layers, Tertiary-Oligocene). 

P. fosihfems (quilis, 1940) (Haut-Rhin, potassium layers, Tertiary-Oligocene). 

■ ' P. lysiphleboides (quius, 1940) (Haut-Rhin, potassium layers, Tertiary-Oligocene). 

■ • P. nigrofatles (quius, 194°) (Haut-Rhin, potassium layers, Tertiary-Oligocene). 

' ' P. oUgoartniditiis (quius, 1940) (Haut-Rhin, potassium layers, Tertiary-Oligocene). 

' • P. oiigotemts (quius, 1940) (Haut-Rhin, potassium layers, Teroary-Ohgocene). 
f P. prcmcdicaginis (quilis, 1940) (Haut-Rhin, potassium layers, Tertiary-Oli- 
gocene). 

f P. pseudogranariits (quilis, 1940) (Haut-Rhin, potassium layers, Tertiary-Oh- 
goccnc). 

f P. saliutfents (quilis, 1940) (Haut-Rhin, potassium layers, Tcrtiary-Ohgoccne). 
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\ P. tonieti (quilis, 1940) (Haut-Rhin, potassium layers, Tertnry-Ohgoccne). 
Genus: + Oligoaphidms Q.WLK, 1 940 . .. » 

f O. sammiensis quilis, 1940) (Haut-Rliin, potassium layers, Tcrtiary-Ohgocenc;. 
Genus : f Protodiaeretiella stary (in litt.). . 

f P. berdlandi (quilis, 1940) (Haut-Rhin, potassium layers, Tcrtiary-Oligocene;. 
Genus: + Protatanthoides Mackaucr, 1961. . 

f P.fossilis (mackauer, i960) (Haut-Rhin, potassium layers, Tcrtiary-Obgocencj. 
Genus: f PnwienertiMiM star* (in litt.). .. s 

f P. quievreuxi (quilis, 1940) (Haut-Rhin, potassium layers, Tertiary-Obgocene;. 
Genus: ^Palaeoxys mackauer, 1961. 

^ P.fttscus (quilis, 1940) (Haut-Rhin, potassium layers, Tcrtiary-ObgocencJ. 
f P. primigenitu (quilis, 1940) (Haut-Rhin, potassium layers, Tertiary-ObgoceneJ. 
Species of uncertain generic position: 
f Aphidius maximus Theobald, 1937. 

KEY TO THE FOSSIL GENERA ^ 

1 Three radial cells developed, separated from each other - 

- Wing venation reduced 

2 (1) Pterostigmal cell complete. Antennae 11-scgmented. 

W b Ephedrus haliday, i* 33- 

- Pterostigmal cell incomplete. Antennae at least 1 3-segmentcd. 

f Protephedrus quilis, I 94<>- 

3 (1) Intcrradial veins missing, radial cell I and median cell separated • • • * 

- Wing venation with other characters 5 

4 (3) First abscissa of radial vein fully developed. Antennae 30-scgmentcd. 

Propraon brueS, 1933* 

- Antennae 18-segmcnted , . 

f Archipraon stary (in 

5 (3) Pterostigmal cell distinctly complete 

- Pterostigmal cell distinctly incomplete, although radial vein sometimes ^ 

very long 

6 (5) Ovipositor sheaths curved downwards, claw-shaped. . 

j- Promonoctonia stary (in htt.J. 

- Ovipositor sheaths shghtly curved upwards ^ 

7 (6) Propodcum more or less areolated. Median vein not reaching wing 
margin 

f Praeaphidtus stary (in btt.)- 

— Propodcum smooth. Median vein reaching wing margin. 

f Holocnotnus quilis, I 94°- 

8 (j) Radial and median cells confluent, separated by mterradial vein on 

their external side and by median vein on the lower side. . 

■}■ Pseudaphtdius STARY (in litt.)- 

- Radial and median cells absent 9 

9 (8) Ovipositor sheaths shghtly curved downwards, narrowed to the apex. 

t Protacanthoides MACKAUER, *9^*' 

- Ovipositor sheaths shghtly curved upwards 10 

10 (9) Propodcum smooth. Abdomen lanceolate. Tergitc 1 triangular or much 

longer than width 11 

Propodcum more or less cannated. Abdomen piriform, stout and short. 
Tergite 1 subquadrate. Appearance robust. 

"}• Oligoaphidtus QUILIS, i 94 0 ' 
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II (io) Tergite i three times as long as wide. 

| Protodiaeretiella stary (in litt.). 

- Tergite i triangular. 

f Pafacoxys MACKAUER, 1961. 

comparison of fossil and recent fauna. As no other fossil aphidiids axe known 
up to the present day except for the Oligocene period, we can compare only the 
Oligoceue fauna with the recent one. Nevertheless, the features of geographic dis- 
tribution were found to be also helpful — we know that some districts of the Far East 
have little clianged since the Late Tertiary; naturally, we cannot classify the species 
that occur now in the territory mentioned as ‘living fossils' as they have developed 
since Late Tertiary as well (Their development is apparent from the comparison of 
the European and Far Eastern fauna which had no doubt a common origin before the 
area was broken in the Quaternary). However, the main features (generic) allow us 
to form at least a rough idea of the life conditions and generic composition of the 
Late Tertiary fauna. 

As to the Oligocene fossils, we can only compare the differences in morphology, 
eventually their occurrence in certain floristic zones of the corresponding period. 

The shape of tergite I was apparently mostly short and wide in the fossils, being 
mostly slender and comparatively long in recent forms. This apparently was an 
adaptation to the parasitism on aphids, nevertheless, the progressive tendency seems 
to be in the narrowing and lengthening of the tergite. This feature might result in a 
better adaptation to attack on aphids. 

The number of antennal segments was mostly small in the fossils, being about 1 5 
on the average. The recent fauna seems to have more, 20 and sometimes still more 
segmented antennae in some genera. In the recent fauna, too, the segments are 
mostly longer and narrow. Nevertheless, the number of antennal segments does not 
seem to be too useful a character for comparing fossil and recent faunas, the separate 
species of individual genera often exhibiting low to a high number of segments; in 
other genera, the number of antennal segments is generally higher, being low again 
in the others. The only single apparently ancient character as to the number of 
antennal segments seems to occur in the recent fauna in Ephedrtis species, where there 
is a low (11) and in both sexes an equal number of antennal segments. As this genus 
is known from the Oligocene as well, the ancient type of this character seems to be 
well justified. 

The structure of the propodcum. It was apparently often smooth, the areolation 
or carinae being comparatively rare. In the recent species, the propodeum is either 
smooth or bears a distinct areolation, which is often of generic or subgeneric value. 
This feature is somewhat surprising, as one would expect that the cannae would be 
present mostly just in the fossils, the reduction of such structures being then found in 
the recent forms. There is, however, no doubt that the fossil fauna has not been 
known completely from the Oligocene, so that the establishing of the generic 
relationship may not be possible in all cases. 

Wing venation. In the fossils, the long radial vein and almost complete pterosagmal 
cell, and the median vein often reaching the wing margin, are a common character; 
otherwise the reduction of venation was apparently of a similar type as that of the 
recent genera — xhcEphednts-type being apparently the most ancient type as well. The 
recent forms are mostly characterized by the reduction of radial and median vetn, 
the exceptions being rare and representing mostly isolated groups. The Ephcdrus-typc 
venation has been known both in the fossil and recent forms. 

Ovipositor sheaths. The known fossils do not exhibit any special morphological 
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modifications of the sheaths; they arc mostly narrow and long, curved .slightly 
upwards, slightly narrowing to the apex or claw shaped. This feature of the fossils 
seems to be a character of relatively poor adaptation to aphids, due just to the obvious 
morphological uniformity. The recent forms, on the contrary, both in separate 
genera, or sometimes in species of the separate genera, often exhibit quite a number 
of adaptations as to the shape of ovipositor sheaths, accessory prongs being dev ope 
in certain cases as well. , 

When comparing the known fossil fauna and recent faunas, we can summarize 
results as follows:Thefossil(Oligoccnc) fauna of aphidiids is characterized by mostly 
a low number of antennal segments, broad and short tergite I and more or ess co™ 
plcte pterostigmal cell. The generic composition of the fossil apliidiids h tathcr - 
ferent from that of the recent fauna, although in a number of eases both foss an 
recent genera seem to exhibit a certain relationship. Rarely, the same genus has ecn 
known to occur since the Tertiary-Oligoccnc up to the present day. 

The classification of the recent fauna of the Far East, which is believed to resem 
closely the Late Tertiary fauna that was distributed at almost the very same area a 
that time, has shown that the generic composition of the Late Tertiary fauna was 
obviously very similar to that of the present day. The Quaternary period, t 
docs not seem to cause any deep changes in the generic composition of the ap 

main directions. There is no doubt that the fossil fauna of the aphidiids is too poor 
and restricted as to its occurrence in time (Oligoccnc only) to base certain phy °8 cnc 
ical conclusions on it. In the absence of fossils it is necessary to evaluate certa 
features of the recent fauna with respect to the classification of the evolution o t 
group. On the one hand, geographic distribution of the group may be useful, on t >c 
other hand, the relations to the host group — the presence of which in a 
m unity is naturally a necessary factor of parasite occurrence— might be helpful 
such a task. . 

- Geographic distribution criteria. Palcobotanical data have shown (MARKOV, 195 / 
that the main change in the plant kingdom, since the end of the Cretaceous, is 
differentiation of plant cover to separate zones and provinces. As we have found t 
the recent fauna of the aphidiids is attached to certain types of flonstic zones, ' vC 
can suppose that similar types were favourable for the ancestors of the aphiduds m 
the past periods as well. For this reason, the origin of the mam types of the present day 
flora (after markov, 195 1) must be mentioned to enable the derivation of the origin* 
flonstic zones in which the aphidiids have developed since the older times. 

1. Forest of the tropical belt. The forest flora of a tropical belt of today seems W 
have changed least. The tropical zone, however, has been influenced through cli- 
matic changes— similarly as the whole earth— since the beginning of the Upf** 
Cretaceous. These changes, however, have not such a decisive influence on the 
cover as in the great latitudes. According to vulf (1944) the tropical floras can be 
classified as Ternary floras which have survived up to the present day. Of the trop- 
ical forests, the evergreen forests of the moist tropics seem to exhibit the best archaic 
character— such a number and quantity of species may not be found m other flora* 
anywhere on the earth. Naturally, although exhibiting such features, these flora* 
have been in continuous development. 

Therefore, the tropical forest exhibits the features of relative constancy as to itj 
origin. Were the tropical forest a favourable zone for the parasites, one would 
expect that on the one hand, the archaic forms of the parasites would occur here, 0» 
the other hand the parasites would be rather common. Nevertheless, nothing 
tins is true: with the exception of some specialized groups, and widely distributed 
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species, too, the aphidiids as a group do not seem to occur in the moist tropical 
forest. The same is true as to their hosts — the aphids. Thus we may classify the trop- 
ical forest as not favourable for parasites both in the past and present. 

2 . Forest of the temperate (and subtropical) belt. The forest of this type was more 
distributed in the Upper Cretaceous and in the Tertiary than at present. It originally 
covered the territory of recent steppes of temperate latitudes and extensive areas in 
the Arctics, it had, however, another character. 

The recent forest belt of the mild climate is formed by the zone of taiga and the 
zone of mixed forests. The taiga is characterized by the prevalence of coniferous 
forests with a certain percentage of deciduous trees (Populus tremula, Eetula, etc.), 
and an extensive quantity of moors. The palearctic mixed forest zone is separated 
today into two great parts — European and Far Eastern (detailed development of this 
flora, see: History of the flora). 

Forests of the temperate type are rather favourable for the aphidiids, which are 
rather common there. As to the origin offorcsts, certain forests of the temperate type 
have apparently represented favourable environment both for the aphids and para- 
sites. 

This conclusion was justified by the classification of aphid development too 
(shaposhnikov, 1953 , etc.). The most ancient groups of recent aphids are connected 
with trees, conifers, Fagaceae, Salicaceae, Ulmaceae, etc. Similarly, there are also 
many species distributed in the forest zone, while they are absent in the steppe and 
desert zone, where many spedes of younger aphid groups connected with herbs 
can merely be found. Moreover, there are many aphid spedes absent in the forest 
zone, whose biology is connected with grasses, similarly to some root aphids, etc. 
And finally, xcrophilous aphid forms are totally absent in the forest zone. 

All this can be applied generally also to parasites. In the forest, too, we can find 
some parasite groups that are closely attached to the andent aphid groups (Pem- 
phigidae, Lachnidae, Chaitophoridae, etc.) and do not attack other aphid groups 
either. This relative constancy of relationship can be of very andent character, 
showing the evolutionary isolation of such groups. 

3. Steppe and desert flora. The xerophytization process in andent floras can be re- 
cognized since the end of the Paleozoic. Nevertheless, the original feature of recent 
deserts of subtropical and temperate zones may be found only from the Upper 
Cretaceous. In this period, too, the desert type of landscape of G, Aria. originated- 
The xerophytization of plant cover gradually reached greater importance during the 
Tertiary. It spread from the lowland of the temperate zone of Asia to the lowland 
landscape of southern Europe, where steppes originate in areas formerly covered by 
forests. The Tertiary period is the period of development and spread of steppe and 
deserts in the lowlands of the temperate zone of Eurasia. As to the taxonomy, it is 
necessary to stress the fact that the steppe flora is represented mostly by various 
grasses, the development of the group being typical just for the Tertiary and Qua- 
ternary, due to the extensive steppe districts, although the andent grasses were 
originally plants of the tropical forest. Because of the xerophytization and cooling of 
the climate, grasses were the most suitable plants for such conditions, having a great 
preponderance when compared with the forest. 

Therefore, the steppe zone is without any doubt much younger than the forest 
communities of corresponding periods. In the recent period, the aphidiids are rather 
numerous both quantitatively and qualitatively in this zone. The most widely spe- 
cialized spedes of parasites may just be found in the steppe zone, besides other less or 
strictly specialized spedes. Moreover, the steppe spedes never occur in forest hab- 
itats. 
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4. The tundra zone is the youngest ftoristic zone. Its development was at the end 
of the Tertiary and at the beginning of the Quaternary, possibly only i Q 

XhTaphidtids are known only from the forest tundra zone of today, being re- 
presented by species which are distributed also in the temperate forest zone, J ' ho “ 6 ^ 
Eg developmentally connected and preferring the boreal c— ues . £ 
group of parasites is associated through aphids with such plants as Betul^Sata, 
Populus, so that their contemporary occurrence tn this association is “ # 

standablc. There is no doubt that they are less in number of: species and J 
developmental trend of less importance, possibly an extreme adaptation of paras 

'"■WcoEncludedtcafotcsaid in such a way that the zone oftcm^rc forauand 
zone of steppes exhibit the richest fauna of parasites. Of these, the tc P {jayc 
zone is more ancient, being apparently the original zone where the p 

well characterized as follows: In their north-south distribution t c P 1 ” 5 * , 

ncctcd with separate floristic zones. The tundra zone seems to c _> nc 

darily by the fauna of forests (boreal type). In the taiga (comfero ) _ 

numerous aphidiids occur, being a strictly specialized group that « . ^ 

ically and by their host specificity from the other fauna of the Ap ‘ t 

fauna of deciduous forests is very rich, including the greatest part o -c. 

genera, the number of spedes being high as well, the host specificity rang 
parasites is various, both andent to young aphid groups being parasitize . 
fauna has a very similar generic composition as the dedduous forest fauna, 
her of spedes is very high. Semi-desert and desert zone seems to be inh£ 1 c 
lesser degree by the aphidiids. The tropical forest (some parts) belt is mna 1 
smaller and spedalized groups of aphiduds, which are connected with corrcspo ^ 
specialized groups of aphids in addition. Widely distributed or cosmopolitan sp 
are not mentioned as they obscure the dependence mentioned. , t c 

Thus, the geographic distribution of the recent aphidiids clearly shows t ^ 
greatest part of spedes is connected with the temperate-subtropical climate > 
inhabiting mainly dedduous forest and steppe type habitats. Coniferous rotes ^ 
temperate-subtropical belt are inhabited by relatively numerous but specialize p ^ 
site fauna, which has no apparent relation to the other groups. Similarly, the tr 0 F^ 
forest is characterized by relatively poor and strictly specialized parasite fauna, w 
is attached to tropical aphid groups. . 

- Taxonomic criteria, i . Generic composition in the separate flonstic zones. Aljhoug 
the generic composition of the aphidiids of today does not seem to be too heipi 
to the evaluation of host spedficity of parasites, some records may be used at lea** 
the separation of certain groups. The comparison of the generic composition « * 
aphidiid parasites of separate zones has shown that some differences can be found » 
as well. A coniferous forest is characterized by a separate fauna of parasites, wbicn 
rather peculiar and has no apparent connection with other aphidiids. It is i n**?*“g 
too, that the more andent forms as to wing-venation, etc., can be found m 
deciduoui forest, while the pjrasitcs of the Uchnidae exhibit spp arcntly 
clunctensticj. Nevertheless, both their general morphology, host iperufirity, 
retire m coniferous zone, etc., seem to show distinctly their different character 
their recent relations, and to their origin perhaps as well. Other criteria must be 
such as embryology, anatomy, etc., to ascertain thrir true position. For the p**®. 
they seem to have developed from other ancestor groups which seem really unreu' 


to the ancestors of other recent aphidiid groups. The peculiarities of the recent 
coniferous forest parasite fauna may be observed both as to the genera and spedes; 
some exceptions brown are undoubtedly ofsccondary character and the relations may 
be easily derived. All the parasite inhabitants which are typical of a coniferous 
forest, attack exclusively the Lachnidae. A tropical rain forest seems to exhibit 
similar features, although they are somewhat less apparent, or rather, less blown. 
The parasites may or may not be partly found to have a certain relationship to other 
genera, nevertheless, their occurrence in habitats is inseparable from the occurrence 
of the Greenideid host aphids as well. The generic composition of parasites occurring 
in the deriduous forest zone and the steppes is practically identical; however, certain 
genera, usually less numerous in number of species, and apparently either archaic or 
too young, may be found in each zone. The generic resemblance with respect to the 
history of floras, recent distribution of parasites, etc., seem to clearly prove the 
derivate position of the steppe fauna. Nevertheless, each fauna has developed in a 
separate way, the spedes being mostly strictly separated today (relative stenotopy). 

z. Developmental trends and the genera. We have stated on the base of various 
criteria that the main developmental trend of the aphidiids was ‘dedduous forest- 
steppe’ trend, while less important trends were in the coniferous forest and tropical 
rain forest. Generic composition mentioned above may really support such an opin- 
ion. Genera of the aphidiids associated with a coniferous zone have no relationship 
— taxonomic, ecological, or zonal — to other groups of the Aphidiidae; they occur 
in a coniferous forest zone exclusively, having no connection with the steppe— the 
latter fact is rather important. On the contrary, the genera represented in a dedduous 
forest zone arc in the previous number of cases represented in the steppe zone too; 
this means that a certain part of spedes has gradually spread and further developed 
in the steppe zone, the progressive trend of the group ‘dedduous forest-steppe’ 
being thus represented in the progressive genera also. 

- Host specificity criteria. I. Possible adaptation of the ancestors to parasitism. First 
known fossils of aphids are known from the Perm period (see: bexker-migdisova, 
rfes.). Fossils from the Upper Jurassic period (bekker-mjgdisova, 1966), the family 
Genaphididac, exhibit almost all the plesiomorph characters as to the body and wing 
venation, which are typical of the present representatives of the related aphid 
groups, some anaent characters being found in the venation only. The recent re- 
latives belong to the families Lachnidae., Callaphididae > Aphididae. Fossil aphids are 
not rare in the Tertiary cither, handursch (1925) records 17 extinct genera and 
S surviving ones (C/imnes, Aphis, Schizoneura, Lachnus, Pemphigus), 56 spedes alto- 
gether, from all over the world (12 spedes from the Baltic Amber, 23 from the 
Miocene of Florissant, 2 Oligocene — British Columbia, etc.). 

This means, with respect to the development of the host and parasite relations, 
that not later than in the Upper Jurassic period can we find almost the same features 
of host body morphology as in the recent period. At the Upper Jurassic period, 
apparently, the ancestors of the Adelgoid group were distinctly separated. There- 
fore, as the above mentioned fossil aphids possess the characters to which the recent 
parasite groups are so well adapted, we can conclude that there might have been 
also some parasite groups occurring in the Upper Jurassic period, which were 
specialized on the ‘aphidoid’ type of aphids. Since that time at least, the parasites 
theoretically had the possibility to adapt themselves to parasitism on aphids. 

2. Host specifidty in fossils. Unfortunately, this feature of biology of the fossd 
aphidiids cannot be ascertained today. We can obtain some information from the 
composition of the fossil fauna of aphids, the nature and composition of fossil flora, 
etc. Nevertheless, all the derivation, except maybe the Late Tertiary from which 
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some parts of the fauna have partly survived up to the present A ty, might 1 1* 
fluenccd hy our recent knowledge of the parasite host speafietty winch nnght just 
have been of a different type in ancient times. ... , n lants 

3. Phylogenetic age of the hosts. As has been mentioned m the aphid-host plana 
relationship,, he phjdogenetic age of the host plants most y does no. utatfc 
host specificity of aphids, phylogenetic parallelism being relatively 
etc.). The same applies to the parasites. Except for some isolated groups, such as the 
Lachnidae, Greenideidae, etc., the parasites cover different splud groups, >"“P 
of their phylogenetic age. Naturally, there may often be distinguished som g P 
of parasite species that are more or less adapted to certain aphid group 8 
type of habitat, or, in extreme cases, a certain number of more or less strictly P 
id parasite species can be found a, well. The mentioned features may be 
from the host range of different parasite spcacs of most of the aph'du g ' 
phylogenetically older and younger ones: Ephcdrus, Praon, Aplndtus, 7 ? 
Moiioctonus, Trioxys, and others; in genera more numerous as to the n 
spcdcs, this feature is more apparent. 

4. Floristic rones. . , . . c,,. nna l 

A. Seasonal history of aphids. As wc have mentioned earlier (sc . 
history), the seasonal history of aphids changes in dependence on latitu c. 
certain districts a complete hfc cyde takes place (except for secondary changes due ^ 
the influence of the Quaternary, etc.), only parthcnogcnctic rcproductio 

the same spcdcs in the south. . - art 0 f 

B. Aphid responses to drier climate, adaptation of parasites. A ccr r 
aphids has responded to drier climatic conditions by development ot o g ^ 
migration or arrested states in development. Both these phenomena have c 7 ^ 
adaptive sense, which can be seen from their development in various gro p 
aphids as well as from their seasonal history-dependence on various climates. ^ 

These adaptations of host aphids, resulting in their seasonal lack (either entir y^ 
the presence of unsuitable stages for parasitization only), have naturally cause ^ 

changes in parasites host specificity. On the one hand, the parasites dcvclope 
responding seasonally dependent arrested states of development, with a rc-appea 
at the period when the aphid is again present in the habitat; on the other han , ^ 
have enlarged their host range which resulted in their ability to parasitize a num 
aphid groups so that the parasite was able to occur in a given type of habitat tnro g 
out the whole season. . 

C. Invasion of aphids and parasites to new habitats. In the temperate dcaa ^ 
forest and steppe zones (Europe), the following groups of aphids approximately 
be recognized, if their adaptation to drier climatic conditions are used as the cnteri 
I, Deciduous forest 

(a) constant deciduous forest species. They are adapted to forest environment, 

being both phylogenctically old and young. Usually holocychc monoecious sped 
(in some cases, the arrested states in development may cause the absence of stag 
suitable for parasites, although the aphids are present in the habitat). . 

(b) Temporary deciduous forest species. There are the holocychc dj° cCI ° 
species, their obligatory migrations being of 'forest-steppe-forest' type. W* 
adapted both to the forest and steppe environment. Adaptations to drier con 
resulted in their seasonal occurrence in steppe habitats, nevertheless, their dcveWr 
menta! dependence on the forest environment is deep, so that they still spend* cor 
tain part of their seasonal history in forest environment as its typical uihabitan • 
Just m this group, this feature is rather remarkable, if the aphids are also distribute 
m the south and occur in steppe habitats exclusively as parthenogenetic progeny- 



II. Intermediary zone 

A number of apbid species can be found in the intermediary zone, being never- 
theless dependent on the presence of their host plants, both primary or secondary. 
HI. Steppe (cultivated steppe) 

(a) Constant steppe species. They occur here all the year round. 

(b) Temporary steppe species. These are the dioecious species, which spend a 
certain part of their seasonal history in the steppe, although they are still connected 
with the forest in their biology. 

The parasites, naturally, have been unable to develop a similar seasonal oblig- 
atory migration as the aphids. They are basically habitat dependent, and in this 
respect they can be divided as follows: 

I. Deciduous forest 

(a) Specialized parasites of some old aphid groups, such as the Callaphididae, 
which have no relation to other aphids. 

(b) More widely specialized species, covering both dioecious and monoecious 
aphids in their host range. 

(c) Specialized parasites of dioecious aphids. (They respond to seasonal host ab- 
sence by seasonal arrested states in development). 

(d) Specialized parasites of younger aphid groups which do not attack dioecious 
aphids. 

IL Intermediary zone 

In this zone, there occur some parasites which are less habitat dependent, usually 
occurring both on the edges of forest and steppe. They represent apparently the 
trend or route in parasite development showing how the group, i.e. its part, might 
gradually invade steppe habitats. 

III. Steppe (cultivated steppe) 

(a) Specialized parasites of steppe aphid species, which are phylogenencally 
older; they do not attack other aphids. 

(b) More widely specialized parasites, covering both steppe species and dioecious 
aphids that occur seasonally in steppe habitats. 

(c) Specialized parasites of younger aphid groups, which do not attack other 
aphids, either dioecious or phylogenetically older ones. 

Therefore, there is a basic difference recognizable between the aphids and para- 
sites as to their invasion of new habitats (torn deciduous forest to steppe), when 
their present distribution and habitat dependence are used as a criterion. 

In the aphids, besides the constant species which are connected with a given environ- 
ment throughout the year, there are species which obligatorily change the kind of 
habitat, being present in a given type of habitat only seasonally. The parasites, on the 
contrary, are primarily habitat dependent, no seasonal occurrence m different types 
of habitats bang typical for tbem. The latter phenomenon is clearly recognizable 
from peculiarities in their biology. As to the development of the group, it is apparent 
that the adaptation to aphid obligatory migrations is successive and secondary in the 
parasites, showing the primary strict habitat dependence of this group as well as the 
importance of spread to new habitats as a factor in the phylogeny of the group. 

5. Natural groups of aphids. As the separation of the aphidiid parasite group from 
the related ancestors of the present Braconidae is apparently of a very old date, it is 
difficult to establish the original group of aphids, which the ancestors of the recent 
aphid parasites had attacked. The comparison of the host range of the Aphidiidae as 
a group has nevertheless clearly shown that the parasitism of aphids began not earlier 
than two main aphid groups — the adclgoid and the aphidoid — had separated from 
each other. This statement seems to be well justified by the fact that the present 
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fauna of apliidud parasites does not include any parasites of the Adclgosd aphids. As 
to the other natural groups of aphids and their aphidiid parasites of today, their 
relationship is cliaracterizcd-witli the exception of some groups-by the para- 
sitizauon of members of various parasite genera on various natural groups ot apluas 
irrespective of their phylogcnctical age, various degree in parasite species dependence 
on taxonomy and ecology of their hosts being recognizable (sec: Host speaticityj. 

6 . Role of the mode of aphid life. With respect to their occurrence in various types 
of habitats and the development of their relations to their hosts, the plants, the aphids 
have developed and adapted morpho-ccologically in various ways partly sec below). 
These aphid adaptations may be cither seasonal (gall aphids, etc.), or they may 
continuous, if the aphid life cycle occurs in more or less the same environmental con- 
ditions throughout the whole season. These responses of aphids to the environmental 
conditions have naturally caused corresponding adaptations in the parasite g r0 P- 
For this reason, wc may well recognize more or less specialized groups among 
parasites, either morphologically or ecologically, to various ccologica groups 
aphids. Generally, the ecology of the host, its morpho-ccological type, is o nc ° 
basic factors influencing the host range of the parasites, the taxonotnica ini 
having a various degree of importance as well (see: Host specificity). . - 

7. Role of aphid morphology. As we have mentioned earlier, the adclgoid tyP 
aphids apparently was quite left aside by the parasites. Neither the old nor an y ^ . 1 
younger parasite groups (secondary adaptation) is known to parasitize the a g 

^As to the ‘aphidoid’ type of aphids, these aphids are the group to which the ■ 
sites have fully adapted themselves. In case that a too peculiar morphologica yp 
had developed in such aphids, it can be neglected by the parasites as well, for CX *'”P 
the aphid family Thclaxidae and its aphidiid parasites. The Thelaxid aphids cxiu 1 
somewhat ‘coccidoid’ morphology in a various degree. Wc know aphidiid P^asi 
of the Thelaxes sp. (Europe), but the Cerataphis species are obviously disregarde y 
the parasites due just to their coccidoid shape of the body. This resemblance 
stressed by the parasitization of Cerataphis species by the chalcid flies (Encarsia, etc.), 
which attack hosts as the Alcyrodids, coccids, etc. mainly. . 

However, there is known a certain number of aphid species that exhibit typ ica J 
‘aphidoid’ features, but wc do not know any aphidiid parasites attacking them, a ^ 
though numerous samples were reared by various authors. Although this group 0 
aphids is not numerous, we still have no explanation of this peculiarity in parasite 
host specificity (Lachttus rohons, Callaphisjuglandis, etc., see Relations of host-parasite 
groups). 

8. Host range. Host specificity range cannot be classified in an isolated way, but m 
a complex manner. Mainly, it has to be classified with respect to the given flonstic 
zone, which generally determines the main trend of the aphiduds. , 

From this standpoint, the coniferous forest inhabiting parasites have to be classified 
as a branch of the general trend, which can include both progressive and regressive 
species, nevertheless, its development does not correspond to the general trend. 

The trend of deciduous forest inhabiting parasites is generally progressive. Never 
thclcss, a further subdivision can be made similarly to the above mentioned division 
of parasites in deciduous forest and steppe zones in Europe. A wide host range, 
covering both the } oungcr groups of dioecious and monoecious aphid species seems 
to be the most progressive adaptation. 

A similar situation may be found in the steppe. Here, too, a wide host range seem* 
to be progressive, in case that phylogcnctically young aphid groups arc covered, 
being constant or temporary member, of the steppe community. 
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Therefore, we have to distinguish between the host range of the aphidiids as a 
group, and host range of different genera and spedcs. Generally, a wider host range 
seems to be progressive (for details, see Host specificity). 

- Fossils and related records on climate, flora, etc., can help us to get an idea about the 
composition and occurrence of aphidiids in a certain district in a given period. Never- 
theless, care must be taken in order not to make some mistakes, the following being 
mentioned: 

1. Fossils usually represent samples from a restricted area. They can hardly rep- 
resent a full composition of the fauna occurring in the given period, which depends 
on the quantity of fossil specimens obtainable. Although there are records showing 
that fossil floras were more uniform than the present ones, this factor must be kept in 
mind. The Baltic amber specimens for example are rather useful usually being well 
preserved and easily determinable. Nevertheless, they represent examples of forest 
fauna of a certain type, which occurred in the Early Oligoccne (or Late Eocene) in a 
given area, under a warm to subtropical humid climate. They give no idea of the 
faunas of other types, so that — such fossil species not being known — we cannot clas- 
sify the relations of separate faunas. The relative significance of fossils could be illus- 
trated by collecting some aphidiids in a subtropical forest in sticky traps and relating 
their classification to other fauna known. 

2. The fossils cannot be discussed in terms of present-day zoogeographical regions. 
This phenomenon is well understandable from the comparison of the history of 

the floras with their present distribution. Great migrations of floras occurred m the 
past with corresponding changes in the composition of fauna (see: Geographic dis- 
tribution). 

For example, aphids of the family Grecnideidae, which is distributed today m 
south-eastern Asia, were present in the Miocene on the territory of present day 
Europe (silaposhnikov, 1953) this being naturally in agreement with the distribution 
of corresponding floras of that time. Apparently, the parasites, which are represented 
by a strictly specialized group today, were probably also present in this area. Never- 
theless, further changes in climate and successive changes in flora caused the ex- 
tinction of the Greenideidae in Europe and their restriction to the territory of the 
present day south-eastern Asia. 

Generally, fossil specimens, though poorly known, give us a rough idea of the 
character of the fauna (or its part) of the given period. 

Oligocene specimens (Haut-Rhin, France) described by quilis ( 1940) have enabled 
the comparison of the fauna of the given period, and differences were found to show 
the distinctness of the fauna from the present one, as well as the characters that were 
typical of fossil faunas with respect to the comparison with the present fauna. Simi- 
larly, Amber records are valuable. The general research of climate and floras has 
shown (see: crowson, 1965) that similar conditions apparently exist today in south- 
eastern Asia, where also living species of genera represented in the Baltic Amber 
often occur; however, in critically revised groups of insects about half of the genera 
in the Amber are extinct. In the case of aphidiids, the comparison of Far Eastern 
fauna of today enables us to get a rough idea about the probable composition 
(generic) of the fauna of the subtropical forest of the early Oligocene. 

— Conclusive notes. Summarizing, we can conclude that the main trend of evolution 
of aphidiid parasites corresponds to the main trend of their hosts — the aphids. 

In the aphids (shaposhnikov 1959) the main trend of evolution is connected with 
their transition from conifers to hardwood trees, from trees to shrubs, from trees and 
shrubs to herbs, with no dependence on the phylogenetic relationship and age. This 
is in agreement with the general phylogcnctical direction of plants, the cause being 



identical— adaptation to the occurrence in conditions of a drier climate. 

Nevertheless, just as in the aphids and their relation to plants, paraUel-evolution 
may be observed in a relatively low number of cases, while the adaptations o 
ecological character have apparently played the main role m the development, the 
parasite responses to environmental conditions often bearing specific features, on 
ferent from those of their hosts — the aphids, 

MAIN FACTOKS. All the factors mentioned below must bo understood as pan of a 
unique complex, the members of which play a different degree of role in various 
periods of the phylogeny of the group; the influence of some of them seems to 
relatively immediate, others may seem rather distant as to their significance, w > 
however, may be substantial. Many other features might naturally be mctuioncft. 
but there would be much theoretical combination with respect to the eve o 
recent state of research. . n r 

To understand the main factors that inhibited the adaptation of a certain g P 

the parasitic Hymenoptcra to parasitism on aphids, we should mention n Y , 
general trend of the whole order of Hymcnoptera. Basically, the ancestors a > 
ancient groups of the Hymcnoptera belong to the phytophagous species. c 
developmental trend — besides the phytophagous one — was the adaptation WP 
sitism and predatory life, some other groups, however, developed in a very speaa 
way (pollinators, social insects, etc.). , , 

The developmental trend of the parasitic Hymcnoptera seems—due to tn ^ 
specificity of the whole group — to be directed as to cover other insects, an 
lesser degree other artliropods as well, by parasitism or predation mostly in 
larval stage of development. Various groups of parasites have developed in co^ 
sequence. Aphids represented apparently a group of insects that was not 
during the past periods by any other parasites that would compete sucessfully w 
the Hymcnoptera, so that one of the group of the Ichncumonoid complex 
to apliid parasitism. It lias been obviously successful as this adaptation has grad / 
resulted in strict parasitism and adaptation of this group — the aphiduds, Lc. their an 
ccstors— to the aphids. -Min 

Climatic changes have played the main role (sec: Phytogcographic principles; 
the development of plant formation. As we have mentioned earlier, aphids repr 
a group tliat has apparently become adapted in the best way and developed in ten* 
perate to subtropical conditions, which have been connected with the climatic 
changes since the Late Cretaceous. The drier climate has caused deep changes in t 
original homogeneity of the flora, separate zones having originated. With respect to 
the development of the separate floristic zones we can conclude that the deciduous 
forests of milder climatic zones were apparently the best environments for the dcV“* 
opment of aphids and their parasites as well, a further developmental trend being 
adaptation to steppe conditions. Besides, coniferous forests in milder climate* and m 
a lesser degree tropical rain forests u ere invaded by specialized groups both of apW" 
and parasites. 

The data obtained from geographic distribution, host range, fossils, etc., oubk 
the elaboration of a principal conclusion, that the aphidud fauna of the Late Tertiary 
to the beginning of the Quaternary is gcncncally very similar to the present one. 
Glaciation and other chances m the Quaternary, and successive dujuncuon ol 


r changes 

floristic zones had corresponding effects in parasite areals as well. Some of the pop'*' 
lauons have developed as a separate species, some of them remained obviously 
dunged. In every case, the Quaternary, on the one hand, has caused the suppression 
ol the fauna tn certain districts. ' 


on the other hand, it has stimulated the origin 


and 


development of new species. The ability of tbe aphidiids to reach the existing num- 
ber of species and cover the present area of distribution seems to be proof of the 
evolutionary progressive character of the group. 

Floristic zone-dependence of the parasites is basical as to their occurrence. The 
aphid migration, which has been originally stimulated by the adaptation to the con- 
ditions of a drier climate, is simultaneously connected with the seasonal transition of 
aphids to other types of habitats; nevertheless, the original connection of such species 
with forest habitats still occurs. On the other hand, some groups luve gradually 
spread to steppe liabitats and they occur there exclusively, their original dependence 
of the forest being completely lost. The parasites, naturally, were forced to adapt 
themselves to new environmental conditions as welL But, they have been more 
stcnotopic and they responded to the changes of environment in a somewhat dif- 
ferent way than, the aphids. A part of the deciduous forest fauna apparently gradually 
invaded the steppe habitats, this being apparent in a certain part of the recent aphidiids 
as well and they gradually also broke the contact with the forest altogether. For this 
reason, there is today a strictly differentiated fauna of the forest and steppe habitats, 
the intermediary forms occurring in a lesser degree. The generic composition, how- 
ever, which is roughly the same both in the deciduous forest and in the steppe zone, 
shows the apparent relationship of the dependence of the steppe fauna on the deci- 
duous forest fauna as to the origin of the former. 

progressive OR A. REGRESSIVE group? Before the classification of the parasites as a 
progressive or a regressive group is dealt with, it is necessary to mention some brief 
notes on the whole food chain ‘plant — aphid — aphid parasite’ in a community m the 
broadest sense. 

The plants are generally classified as a group that has been deeply influenced by 
the Quaternary', it is, however, in a state of recreation, and has become deeply pro- 
gressive in evolution. This opinion is stressed generally by botanists (see Rfcs.on 
Phytogeography), the evolution of many groups and appearance of new forms 
being mentioned as one of the proofs. Naturally in the frame of community equi- 
librium level, the group in evolution causes the appearance and adaptation of para- 
sitic organisms. This is true of the plant parasites, the aphids, too. The aphids, being 
temperate in origin, were naturally deeply influenced by the changes of their host 
plants both due to doer and. cooler climatic conditions. Although these were in a 
corresponding way deeply influenced by the Quaternary, the number of species and 
the adaptation of aphids to new conditions that have later appeared means that they 
arc a progressive group as well. There is no doubt and this is true of their host plants 
also, both progressive and regressive groups may be recognized among the aphids ; 
as the progressive groups we can apparently classify such groups the biological 
features of which correspond to the general trend of aphid evolution. Therefore, we 
must distinguish between the development of the aphid group as a whole and the 
development of separate aphid groups. Similarly, the aphids seem to be a progressive 
group in certain climates only (temperate-subtropics), while tropics are mostly 
inhabited by other homopterous insects, which seem to be better adapted to such 
conditions. 

What has been said about the plant-aphid relationship applies to the aphid para- 
sites: In the frame of community equilibrium level, the aphids needed to be limited 
by thdr own enemies — the aphidiid parasite group has apparently adapted in con- 
sequence. 

As both the plants and aphids represent progressive groups, the same appears to be 
true of the aphidiid parasites. They, too, arc best adapted to a temperate-subtropical 
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Summarizing, the apliidnd parasites may be classified as a pro & r b 
aphid parasites. 

NATUUAL systlm. When the level of our knowledge of the fauna 
of the world. their ecology, ontogeny, as well as the stlU lo be 

is compared, the elaboration of a natural system of the Aphidndae Jjy 

unjustified. Some attempts arc known from the literature ot tlie p ^ 

(mackauu 1961. 1963, 1963. etc.), nevertheless, the mentioned s>st > ^ 

classified as rather artificial and do not correspond to the conditions t 

occur in the group. number of 

Our comparative studies have shown that there undoubtedly occur 2 
natural groups among the Aphidiidac, nevertheless, the relationship ° be 


used arc known on a very unequal level; every 
n a separately taken character with no respect to 
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tv classification of the aphidnds. 


the others results ccrtainl) u 


artificial system. In applying different characters to apliidiids, several and ra 
ferent systems from each would be obtained. The complex application 01 1 ^ 

acters mentioned is necessary before any really useful scheme of the system ^ 
aphidud parasites can be elaborated. It is for this reason that the level of our know £>^ 
of various characters as a whole is rather unequal, ssc consider any further su 
sion of the Aphidndae to be artificial, as almost every genus w ould need to 
arated as a higher taxonomic unit. 0 f 

- Analysis of criteria. The below mentioned entena were used for the separation^ 
the mam natural groups of the Aphidndae. The review of natural groups *how* ® 
the one hand the mequahty of the knowledge of different entena in vinous 5?°°^ 
on the other hand the fact that more or less natural groups arc rather differentia 
from each other. The phy logenetical relations arc believed to be more distinct oil 
basis of further research of embryology, anatomy, etc., which has been very P°° 
until now. 

Embryology. Contemporary studies have shown, although very scarce, tba ‘ 
mam phy logenetical relationship among the certain groups, which, however, ^ 
to be rather differentiated today, might be shown on the basis of embryology- 1 
shape of the eggs, blastogcnesis and morphology of instar I larva seem to be raI 
important. 


Bionomics. Rather important features and differences were found in the bionomics 
of separate aphidiid groups (mode of pupation, of emergence, etc.). 

Morphology of adults. There is no doubt that it is rather important and helpful to 
show the relation of different groups. Nevertheless, in case of morphological 
criteria namely, it is necessary to stress the fact of the different importance of various 
characters in different groups (wing-venation, number of antennal segments, shape 
of ovipositor sheaths), which may be clearly of a convergent type. 

Anatomy of adults. Important differences in the anatomy, of ovaria namely, were 
found in various groups of the apbidiids. This is believed to represent also one of the 
sources of possibilities of separating the archaic groups inside the whole family. 

Morphology of last instar larvae. The characters found in the last instar larvae 
seem to exhibit rather convergent features, due apparently to the practically identical 
environments — the host aphid body. The system elaborated on the base of last 
instar larvae characters (larval head namely) (capek, manuscript of a paper on last 
instar larvae of the Braconidae s.lat.) seems to us to be the result of the mentioned 
convergence, it differs extremely from the classification of separate ‘natural’ groups 
separated on. the basis of applying complex criteria. 

Ecology. The relationship of the parasite to the environmental conditions is of the 
greatest importance. With respect to the rough knowledge of factors that influence 
the determination of the development of the groups we evaluate the host-parasite 
relations, the geographic distribution of the parasite, etc. of today and in a number of 
cases of the pest as well. Hos‘ specificity knowledge and factors that have influenced 
it seems to be most useful. 

Geographic distribution. The classification of the present distribution of the 
aphidiids and its comparison with the history of the flora, the aphid hosts, etc., may 
be mentioned as having, commonly with the host specificity, the key-position in the 
research of the aphidiid phylogeny. 

Fossils. Only fossil species from the Tertiary (Ohgocene) layers are known 
from several localities. The comparison of that and the recent faunas shows apparently 
a rather important connection in certain cases. Unfortunately, only morphological 
criteria may be mostly used in fossil specimens, and sometimes the character of 
floristic formations, climate, etc., of the given periods may be also used. 

- Natural groups. All the known genera of the Aphidndae have been separated into 
several groups with corresponding notes on then relationship; the genera unsatis- 
factorily described having been excluded. 

Group i : Ephedrus haliday 

Embryology; Eggs prolongaiely oval. Blastogenesis by differentiation of blas- 
tomeres. Primitive characters in the embryonal development, with poor differences 
from the general trend of development. Instar I larva with comparatively long 
simple cauda and two perpendicular accessory prongs. Bionomics: Pupation inside 
mummified aphid. Mummified aphids black. Emergence hole on the apex of mummi- 
fied aphid. Morphology of adults : Wing venation of Ephedrus type, almost com- 
plete in the frame of the family. Antennae with low number of segments (u), 
which is equal in both sexes. Notaulices developed. Propodeum areolaced. Ovi- 
positor sheaths prolonged, almost straight or slightly curved upwards, sparsely 
haired or pubescent. Abdomen lanceolate. Anatomy of adults: Ovaria divided into 2 
long ovariolcs, that are prolonged as far as the base of abdomen. Ecology; Occur- 
rence in forest type, intermediary and steppe habitats. Host range: Various aphid 
groups, except the Lachnidac. Dependence on the mode of host life is various. Dis- 
tribution: Mostly widely distributed species. Fossil relatives: The genus is known 
both from the Tertiary’ — Oligocenc and present period. The most related genus 
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theaths triangular, mfid at extremity, curved owmt p ' tIVDC and intermediary 

Anatomy of adult: Unknown. Ecology: Occummce ” W nroups of aphids 

habitats. Host range: poorly known, probably sosne j^,. Unknown, 

except the Lachnidae. Dutttbutton: Europe, Far East. FossdreUIV ^ 

Presait relatives: Unknown. The complete wing vcmB0 “ F „{ ^tmnal 

the differences m other morphological entena arc too grea ( 
segments, shape of abdomen, ovipositor sheaths, etc.). 

Mummified aphids black. Emagcnce hole at the apex of mu 2 aos upal 

phology of adult: Wing vou.ion with atehaie and peeuhar dwr« 
cell almost complete, radial and medun van developed ,! ““S boil, 

radial and median cells. Antennae with low number of segments, Q -^ tor 
sexes (n-S?, 1 i-dd). Nouuliccs entirely absent. Propodcum areola ^ 0 f 
sheaths almost straight, obtuse at apex. Abdomen of $ 5 ’ tr0 oical cloud 

adults: Unknown. Ecology: Occurrence in forest type habiUtt ( ■ ? 
forest!). Host range: Parasites of certain primitive Callaphidid aphids (i - 

Distribution: Cuba, and probably some mountam parts of South Am 
relatives: Unknown. Present relatives: It seems to be an isolated group, ^ ^ 
ancient characters in wing venation. It might have certain relations to p oB 
to the black colour of mummified aphids and the position of the emergen 
the apex of aphid body. 

Group 4: Aieopraon mackauer, Promt uaeiday, Dyscritulus hincks j on g 

Embryology: Eggs prolongately ovaL Instar I larva with comparative y 
simple cauda and two perpendicular accessory prongs. Bionomics: In pro a 
primitive genera {=Arcopraoti) pupation inside mummified aphid, in t e 
under parasitized aphid inside a separate cocoon, the empty aphid skin being mo ^ 
on the top of the cocoon [Praott, Dyscritulus). In more primitive genera {Areo P T ^°^ ^ 
emergence hole is on the apex of aphid body (pupation inside aphid skin), 
other genera ( Promt , Dyscritulus) in lateral portions of their separately mo 
cocoon. Morphology of adult; Wing venation of Promt type and more 
Antennae with low or higher number of segments, which is different in hot 
Nouuliccs developed. Propodcum partially areola ted to entirely smooth. ^ 
positor sheaths slightly curved upwards, sparsely haired or pubescent. Abdomen ^ 
lanceolate. Anatomy of adult: Ovarn separated into 2 ovariolcs, rather long. F . 
longed to the abdominal base. Ecology: Occurrence in forest type, intermediary ^ 
steppe habiuts. Host range: Various aphid groups, except the Lachnidae l**. 
single exception of a secondary character) Aieopraon — gall aphids. Promt— ^ 
freely living aphids, more or less SDeoakzed ~ ' -i.."voa 


parasites of some 


if a secondary character) Aieopraon — gall aphids, 
s, more or less specialized parasites. Dyscritulus — strictly s P ec T\j<d 
freely Uving aphids. Distribution: Not too widely distrm 


species, sometimes vicariant. Fossil relatives: f Propraoit brues, f Archipraon 
stary. The relatiomliip with the fossil genera is rather close. Present relatives: 
According to morphological characters and bionomics it represents a very typical 
group. Developmental connections probably with group i. 

Group 5: Pauesia quius, Xeuosftgmus smith, Metaphidius stary & sedlag, Diac- 
retus FORSTER 

Embryology: Unknown. Bionomics: Pupation inside mummified aphid. Emer- 
gence hole in the dorsal portion of mummified aphid. Morphology of adult: Wing 
venation of Pauesia type and more reduced. Antennae with low or high number of 
segments, which is different in both sexes. Notaulices distinct anteriorly to being 
entirely effaced. Propodeum areolated. Ovipositor sheaths of various shape, mostly 
curved upwards (more rarely ovipositor slighdy curved downwards (Diaeretus), 
sparsely haired. Abdomen of ? lanceolate, modifications and accessory prongs on 
abdomen rare (Metaphidius). Anatomy of adult: Unknown. Ecology: Occurrence in 
forest type and intermediary habitats. Host range : Specialized parasites of Lachni- 
dae (Cmarine groups, with some exceptions). Distribution: Often widely distri- 
buted species. Fossil relatives: A specialized and strictly characterized group of para- 
sites of the Lachnidae. It seems to be very isolated from the other groups of the fa- 
mily. 

Group 6: Protaphidius Ashmeap 

Embryology: Unknown. Bionomics: Pupation inside mummified aphid. Emer- 
gence hole at the apex of mummified aphid. Morphology of adult: Wing venation 
of Pauesia type. Antennae with unusually high number of segments, which is dif- 
ferent in both sexes. Notaulices more or less developed. Propodeum carinated. 
Abdomen of peculiar shape, sham-ovipositor developed. Anatomy of adult: Un- 
satisfactorily known. Ecology: Occurrence in forest habitats. Host range: Specialized 
parasites of Lachnidae ( Stomaphis ). Distribution: Europe, Far East. Fossil relatives: 
Unknown. Present relatives: It seems to be an isolated group of aphiduds. Mor- 
phologically it mostly resembles Pauesia spp., in some characters, parasitizing a 
related host group, too. 

Group 7 : Archaphidus stary & schlinger 

Embryology: Unknown. Bionomics: Pupation inside mummified aphid. Position 
of the emergence hole unknown. Morphology of adult: Wing venation of Aclitus 
type. Antennae with higher number of segments, probably different in both, sexes. 
Notaulices effaced. Propodeum partially carinated. Ovipositor sheaths curved upwards 
to straight. Abdomen of ? lanceolate. Anatomy of adult : Unknown. Ecology : Occur- 
rence probably in forest type habitats. Host range: Specialized parasites of the 
Grccuideidae. Distribution: Restricted to Far Eastern district, probably also m other 
parts of the lndo-Malayan (= Oriental) region. Because of the strict specialization 
restricted on the distribution area of the host aphids. Fossil relatives : f Haloaiomus 
quius— judging from certain morphological resemblances (wing-venation). Present 
relatives: Unknown. The similar venation as in Arlitus is clearly of convergent 
value only. It seems to be an isolated and specialized group. 

Group 8: Aphidtus nee s, Lysaphidus smith, Diaerettells stary. 

Embryology: Eggs lemon-shaped. Blastogenesis by dclamination. Distinct adap- 
tation to parasitism, distinct differences from the general direction of development, 
less palingcncrie peculiarities. Instar 1 larva with simple caudal appendage. Biono- 
mics: Pupation inside mummified aphid. Emergence hole in the dorsal portion of 
mummified aphid. Morphology of adult: Wing venation of Aphidtus type and more 
reduced. Antennae with low or higher number of segments, which is different in 
both sexes. Ovipositor sheaths comparatively short, obtuse at apex, slightly curved 
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reduced. Antennae with low number of segments which iff f shcatla 

Notaulices deeply developed antcnorly. Propodeum areola . P ^ of ? 
comparatively short, obtuse at apex, somewhat curved up ■ f 
lanceolate. Anatomy of adult: Unknown. Ecology: “oups (except the 

growth, peatbogs and wet places. Host range: Some aphi IP l ^va: ,, 
Lachnidae). Distribution: Europe. Fossil relatives: Unknown, 
might have some relation to Aphidius. 

Group to: Lysiphklus ronsra, LysipIMh staby & scmiNcm . , 1S m 

Embryology: Eggs lcmon-slupcd. Distinct adaptation to parasitism 
Aphidius. Ins tar I larva with simple cauda. Bionomics: P“P“° n Morphology 
aphids. Emergence hole in the dorsal portion of the mummified aphi . 
of adult: Wing venation of Lju/Utha (subg. Phltbui) type and 
Antennae with low number of segments, which is different in both sexes. , [or 
developed anteriorly. Propodeum atcolaled, cannated or ^ 

sheaths comparatively short, narrowing to the apex, slightly curv™ r , . 

sparsely haired. Abdomen of ? lanceolate. Anatomy of adult: Unknown. 
Occurrence in forest type, intermediary and steppe habitats. Host ran 5 c * 
aphid groups with exception of the Lachnidae. Distribution: Mostly wi 7^.^ 
tnbuted species but some genera are apparently vicariant (Lysiphlebus x L ystf ' 
in distribution. Fossil relatives: Unknown. Present relatives: it is an isolate g* 
Certain but only morphological similarity with a part of Aphidius group. 

Group ii : Paraltpsis Kiasrat h'd. Emer- 

Embryology: Unknown. Bionomics: Pupation inside mummified aphi . 
gcncc hole in the dorsal part of the mummified aphid. Morphology of adult. ^ ^ 
venation of Paralipsis type. Antennae with higher number of segments, w 
different in both sexes. Nouuliccs distinct anteriorly. Propodeum smoot ^ 
positor sheaths comparatively long, wide, obtuse at apex, almost straight. A 
of? widely oval. Anatomy of adult: Unknown. Ecology: Occurrence in stcppOF' 
and intermediary habitats. Host range: Parasites of various groups of root ap 
Close connections with ants (mutualism). Distribution: Not too widely distn u 
spcacs. Europe, Far East. Fossil relatives: Unknown. Present relatives: Unkno* 

A quite isolated and specialized group. 

Group 12 : Admit sobstir 

Embryology: Unknown. Bionomics: Pupation inside mummified aphid, 
of the emergence hole unknown. Morphology of adult: Wing venation of A** 
type. Antainae with low number of segments, which is different in both s* 
Nouuliccs distinct anteriorly. Propodeum smooth. Ovipositor sheaths nari«** 
straight and comparatively long Abdomen of ? rounded. Anatomy of » ' 
Unknown. Ecology* Occurrence probably m forest and mtcrmcdiary habitats- 



range: Probably parasites of various groups of aphids. Distribution: Europe, Far East 
Fossil relatives: Unknown. A very isolated group. 

Group 13: Mwjocfomis hauday, Afouoctoma stasy 

Embryology: Instar I larvae with simple medium size caudal appendage. Bio- 
nomics: Pupation inside parasitized aphid. Emergence hole in the dorsal portion of 
the mummified aphid. Morphology of adult: Wing venation of Monoctonus type and 
more reduced. Antennae with low or higher number of segments, which is different 
in both, sexes. Notaulices developed anteriorly. Propodeutn areolated or carinated. 
Ovipositor sheaths downwards curved, of various shape, sparsely haired. Abdomen 
of ? lanceolate to rounded. Anatomy of adult: Unknown. Ecology: Occurrence in 
forest and intermediary types of habitats, mosdy of humid character. Host range: 
Various aphid groups except the Lachnidae. Dependence on the mode of host life 
various. Distribution: Wide distribution is rare. Fossil relatives: f Proniottoclotiia 
stary(?). Present relatives: It seems to be an isolated group. 

Group 14: Trioxys iialeday, Acanthocaudiis smith, Bioxys stary & schlinger. 
Embryology: Eggs lemon-shaped. Instar I larva with short simple caudal prong. 
Bionomics: Pupation inside mummified aphid. Emergence hole in the apical portion 
of mummified aphid. Morphology of adult: Wing venation of Trioxys type. 
Antennae with low number of segments, which is different in both sexes. Notaulices 
distinct anteriorly. Propodeum areolated, carinated or smooth. Ovipositor sheaths 
downwards curved, of various shape; accessory prongs or prong on the last abdom- 
inal tergitc developed. Abdomen of ? lanceolate to subrounded. Anatomy of adult: 
Ovaries widely oval. Ecology: Occurrence in forest, intermediary and steppe type 
habitats. Host range: Mostly more or less strictly specialized spedes. Parasites of 
various aphid groups except the Lachnidae. Distribution: Mostly restricted. Fossil 
relatives, f Protacanthoides mackauer, f Palacoxys mackauer. Present relatives: An 
isolated and specialized group. Some subgroups may be recognized inside the genus 
Trioxys haliday but only of subgeneric value. 

Group 15: Lipolexis forster. 

Embryology: Instar I larva with rather long and curved caudal prong and two 
oblique short accessory prongs. Bionomics: Pupation inside parasitized aphid. Emer- 
gence hole in the dorsal part of mummified aphid. Morphology of adult: Wing 
venation of Lipolexis type. Antennae with low or higher number of segments, which 
is different m both sexes. Nataukces distinct anteriorly. Propodmm areolated. or 
carinated. Ovipositor sheaths curved downwards, narrowed to the apex. Abdomen 
of $ lanceolate. Anatomy of adult: Unknown. Ecology: occurrence namely in 
steppe and intermediary habitats. Host range: Parasites of a number of aphid groups 
except the Lachnidae, to a lesser degree strictly specialized parasites. Distribution : 
Widely or less distributed species. Fossil relatives : Unknown. Present relatives : Very 
isolated group. The similarity in wing venation with that of Trioxys is only of con- 
vergent value. 

biological control. The general conclusions of our studies seem to clearly indi- 
cate the relative importance of the research of the phylogeny of the group for bio- 
logical control. The research of phylogeny of the group helps us to establish the mam 
trends of development of the group, which, enables the general evaluation with 
respect to biological control. Were the parasites a group with the main trend to para- 
sitize coniferous apliids, there would be hardly any chance to apply them as bio- 
logical control agents in control of aphids in deciduous orchards, field crops, etc. The 
classification of the group as a progressive group, its progress being connected with 
the progress of their hosts, the aphids, is rather valuable just owing to the mentioned 
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ic trend of aphid development to steppe zone, which is mostly cultivated 
mportam as it shows the increasing importance of aphids as pests. This 
jcncraily been shown by many aphidologists (kenneot * stkovan, 1959, 
kov, tfes., etc.). Better said, the aphids have become — although there are 
rely few species — also widely distributed pests in the tropics, in a zone, 
Y had originally only poorly inhabited; nevertheless, the cultivation of the 
growing of monocultures of crops on extensive areas {cotton, etc.), suit- 
tic conditions, etc., created apparently a rather suitable environment for 
cnee of some pest species. The knowledge of phylogenetic relations of the 
night help in selecting, introducing and cstablisliing parasite species in a 
control program. 

S. 69, 75, 143, 183, 221, 233, 286, 323, 337, 521, 527, 586, 61 8, 693, 696, 
712, 728, 737.-40 758, 796, 866, 937. 975 . 978. 981. 983, 1008, 1020, 1003, 
5 , 1130, 1137, 1182, 1191, 1255, 1261. 



CHAPTER VIII 


Distribution 


bution is usually mentioned as a population attribute which involves the 
ancy of a number of places by a number of individuals at a given time or over 
m period of time (chiang 1966). Distribution in the latest sense is usually 
vided into the three following categories: (1) Geographic distribution, (2) Hab- 
istribution, (3) Microhabitat distribution. 

jut opinion it is not possible to separate the three categories from each other, as 
arc mutually dependent and influenced. For this reason, distribution is dealt 
in the broader sense in this chapter. 

e first attempt to classify the geographic distribution of the Braconidac (not 
ling the Aphidiidae) was made by telenga (1952). He undertook the research 
lylogeny, morphology and geographic distribution to distinguish a number of 
stic complexes occurring in the Palearctic fauna. Nevertheless, in accordance 
the pioneer character of this direction of work various conclusions may be 
ized. When characterizing the separate faunistic complexes of parasites, either 
rstribution or geological history has been applied to a different degree, which 
& a certain inadequacy in the classification. This is no doubt caused by the lack 
ore detailed records on the biology of separate species except for general data, on 
>ther hand, the hosts of the Braconidae belong to various insect orders. The 
: fact requires both the classification of the effect of factors that influenced the 
bution of these groups, and the geographic distribution of the parasite, and 
relationship. This would complicate the whole matter even if sufficient data 
: at hand. Better to say, similarly as in other groups of parasitic insects, both the 
and parasite phylogeny relationship and the ecology of the host irrespective of 
' taxonomic affinities, have a deep influence on the specificity of separate groups 
irasites (wood-borer parasites, etc.). 

EENGA s main conclusion, the general rule that parasite fauna is connected with 
un communities and zones (steppe, forest), has been followed by several workers, 
we use the re-classified telenga’s principles in the aphidiid parasite group, we 
: a great advantage because of having used mosdy reared material (exact know- 
;e of host, host plant, habitat, etc.). Further, the aphid parasites attack the aphids 
usively and thus the influence of too wide a host range is eliminated (parasitiza- 
of members of various insect orders, etc.); the main directions of aphid phylo- 
y seem to be known; the phytogeography has been found to be extremely help- 
too; tbe parasite group is not too numerous, so that we have been able to cover 
known world fauna of parasites on a corresponding level of present day know- 
»e. 

)ne viewpoint has to be stressed in addition. The aphid parasites have to be 



classified in an objective way, as far as possible. Our obviously best knowledge of 
European fauna, when being compared with the other parts of the world, could 
cause the usual mistake of classifying Europe as the centre of origin and distribution 
of the group, most of the genera and species being known from there. We have 
tried to show how untrue such a classification would be from many viewpoints. 

Originally, a faunistic complex was classified by telenca (1952) as follows: 
'Faunistic complex is a certain group of species tliat is characterized by more or less 
identical conditions of existence and geographic distribution.’ 

In our opinion, this definition docs not suit the true classification of a faunistic 
complex because of the misdefining of this term. The following two terms must be 
iistinguished: 

Fauna (bobrinskij, 195 1) : ‘Fauna is a complex of animal forms, wliich has developed 
and has been consolidated by an identical area of distribution*. 

The fauna of a given area is composed of separate faunistic complexes. A faunistic 
complex has to be classified as a complex of animal forms that are consolidated by 
identical origin and recent area of distribution. 

Only typical species have been used in the classification of separate faunistic com- 
plexes of the Aphidiidac of the world. 

History of Floras and Faunas 

As we have ascertained that there is a deep developmental connection of the parasites 
with the floristic zones, it is necessary to present some short notes on the general 
history of world floras to understand the classification of faunistic complexes of 
parasites. 

- history of world floras. (Generally after aljochin ct al., 1961). Since the 
Mesozoicum, the main centers of origin of tropical forest flora have been distinguish- 
able: Neotropical, palaeotropical, African and Malaysian. The two first groups 
were connected at the place of the present day Atlantic ocean. The connection of 
Africa with Hindustan was due to the hypothetic land, Lemuria, running along 
Madagascar. These connections partly represented the inheritance of the ancient 
Gondwana, partly they developed later again. 

Similarly, of the Pre-tertiary age, were the connections among the floras of 
Antarctica on the one hand and floras of Australia, South Africa and Antarctic 
America on the other. 

In the northern hemisphere, the flora of Europe and Asia had been separated from 
the tropics from ancient times by the wide Mediterranean sea Tethys. In the eastern 
borders of Asia the districts of Tertiary tropical forests were connected directly with 
the tropical flora of Malaysia. The subtropical flora spread from the Chinesc- 
Japanese subregion westward to the true Mediterranean following the Himalayan 
route. We may presume that the tropical forest flora — Poltavian flora — was dis- 
tributed along the shore of the Tethys sea over large areas from Asia to southern 
Europe. The deciduous forests spread from eastern Asia following the Saian route of 
migration. There arc the Turgaian forests, which transitioned mto the coniferous 
forests at the North that were distributed to the shores of the Arctic ocean at the 
Upper Tertiary. 

The mountain taiga had been distributed in the mountains in the arcto-terriary 
plain forest zone since the beginning of the Tertiary. In the Far East, the coniferous 
forests had been developing in the Benngia land area and from here they spread 
westwards to Asia and eastwards to North America. 
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Considerably later, at the end of the Tertiary, various types of desert and desert- 
steppe flora had spread along the shore of the dcssicating Tethys sea. The main desert 
centers were: Gobi, Central Asia, Iran, North Africa, Arabia and the desert Tar. The 
flora spread front these centers over the whole of the ancient Mediterranean. 

The original centers of ancient pre-glacial steppes were the centers where the 
present day Mongolia and North America arc situated. 

The history of floras in the Quaternary' is rather complicated, being presented here 
only very briefly: In the territories that were not entirely glaciated (c.g. Trans- 
baikalia) cool steppes occurred in the Pleistocene. The forest flora was preserved in 
the west of Eurasia in the refugia (Transcarpathian, South-Ural, Altai-Saian) in the 
period of Quaternary glaciation. After the retreat of the pleistocene glaciers, there 
was the tundra at that place, sometimes with districts of pcrigladal open woodland. 
The forest formations that had spread from refugia gradually formed the present 
forest zone with its numerous subdivisions. The glacial refugia were represented by 
the territories of Atlantic Coastal America and the Pacific coast northward to Mexico 
in N. America. The steppes of North America (prairies) had originated in the Creta- 
ceous and at the beginning of the Tertiary. On the contrary, European steppes 
formed as a zone in the post-tertiary’ period. The western tundras arc comparatively 
young. If there occurred tundra flora in the North of Jacutia and in Arctic America 
at the end of the Tertiary, then in the districts of the present day tundra zone terri- 
tories, the forests were predominant in the other parts of Eurasia. The formation of 
circumpolar tundra zone similarly as that of the coniferous forest zone at their 
recent limits is of post-glacial periods. 

Because of the origin of aphids and their contemporary distribution with respect 
to the classification of faunistic complexes of the aphidiid parasites, it is necessary to 
deal with the history of Holarctics and the Far East in more detail. 

- Holarctic flora. In the ancient periods of the geological liistory in Palaeozoic and 
Lower Mesozoic, the floras were relatively homogeneous all over the land surface. 
In the Cretaceous, the break-up of the flora had begun: In North-eastern Siberia, it 
forms the centre of origin of the Coniferous, which spread in the Tertiary to Northern 
Asia and N. America. The development of floras of Angiosperms began at the end of 
the Cretaceous, probably in various parts of the world. The antiquity of the Terti- 
ary ocean Tethys, which separated northern land from tropical continents, did not 
enable the direct connection of tropical floras with non-tropical floras, except for 
districts of south-eastern Asia. 

In the Miocene period the arcto-tertiary flora was distributed over large areas 
from Greenland to the shore of the Mediterranean sea (Quercus, Fagus, Juglans, 
Populus, Ficus, Gingko). Just from this Neogenous flora the subtropic, deciduous 
and coniferous forest flora of the Holarctics had differentiated. 

In the Miocene, the Poltavian flora was distributed in Europe, being rather rich, 
similar to tropical flora of southern Asia (Ficus, Myrtaceae, Lauraceae, etc.). North- 
ward this flora, Turgaian flora was distributed over Europe and almost all non- 
tropical Asia. It resembled the recent relic forests of eastern China, Transcaucasia and 
Atlantic coastal N. America (deciduous, evergreen, coniferous: Quercus, Acer, 
Fagus, Populus, Magnolia, Neriutn, Punica, Laurus, Gingko, Sequoias, etc.). 

At the end of the Tertiary, boreal coniferous forests had separated (from the 
European species of Larix, Picea, Abies, Salix, Corylus, Betula, Abius). These forests 
had spread southwards from the Arctic ocean owing to the cooling of the climate. 

Thus, during the Tertiary, three zonal types had originated from one homogeneous 
arcto-tertiary flora: Poltavian, Turgaian, Boreal. 

Neither tundra, nor steppe were present in the typical zonal distribution in pre- 
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glacial Europe except the steppe district near the Caspian. The true plain steppes 
occurred only in the Transbaikalia, N. Mongolia, and in Gobi. 

The general cooling, covering all the non-tropical territory from the end of the 
Tertiary, and then the following Quaternary cooling because of glaciation in the 
North, principally changed the distribution and deeply influenced the composition 
of the Holarctic floras. 

The Poltavian flora had gone because of lack of southward migration possibilities 
due to the existence of the Mediterranean sea. But on the eastern borders of the con- 
tinents of N. America and Asia this flora had the possibility partly to survive as 
there was not the destroying influence of progressing glaciation. The present 
Chinese-Japanese, N. American Atlantic Coastal, and Macronesian forest floras had 
originated to a great extent from this flora. 

The Turgaian flora, because of the progressing pressure of the boreal coniferous 
forest, had also retreated. The main refugia of this flora and from which deciduous 
and mixed forests originated, were the Far Eastern and Pacific Coastal districts, 
similarly as the sloped Appalachian mountains in N. America and the Transcarpathian 
and S. Ural districts. The invasion of boreal coniferous forests from the north and 
invasion of dry semideserts and dry steppes from the south entirely destroyed the 
forest of turgaian type in all the great areas from Ural to Amur. Only some localities 
of relic forests (Tilia), still occurring in the eastern submountains of Ural and in 
Alatau, represent the rest of the past continuous belt of deciduous Tertiary forest in 
southern Siberia. 

The separation of old pre-glacial floras was also caused by the origin and distribu- 
tion of AJpine foldings in Eurasia and N. America. 

The progressive drying of the climate occurred in the Quaternary. The dessicating 
territories occurred in inter-gladals for example and were distributed from C. Asia 
to Asia Minor and in the south west to N. Africa; the Ancient Mediterranean had 
originated, with the flora of desert, dry steppe, dry forest types. 

- Far Eastern flora. Similar to the tropical equator flora, the Chinese flora, at least 
from the Tertiary, has developed at the very place of its present distribution area. 
From there, as from the centre that connected refugia both of forest subtropics and 
boreal floras, deciduous and mixed forests of Eurasia, similar to the Larix- and 
other forests of Siberia had spread westwards and northwards in the Tertiary. 

The spread of deciduous and mixed forests (Fagus, Quercus, Tilia, coniferous) 
westwards follows the mountains of southern Siberia over the Saians and Altai 
mountains and further over S. Ural to Europe (Ahai-Sahn migration route). 

The second, southern migration route of east Asian forest flora followed the 
slopes of the mountains of C. Asia and the Himalaya to Tian-Shan and further to the 
Caucasus and the territory of the European Mediterranean (Himalayan route). 

Both these routes enriched the subtropical and deciduous forests of arcto-tcrtiary 
origin, which were distributed at that time in pleistocene Europe. 

Then, continuous zones of coniferous, deciduous and subtropic forests of Eurasia 
moved to the south and the two latter types were separated by the glaciation, and by 
desiccation of C. Asia. 

If we summarize the history of floras and plant kingdom at all, it is obvious that 
the plants had almost “covered the environment” at the Tertiary. The Quaternary 
caused a strong reduction. The present day period may be characterized as a period 
of convalescence due to the effects of the Quaternary. For this reason the plants arc 
a progressive group of today, which is in connection with the" dcvclopment’of new 
taxa. 

Every host group development is followed by the development of parasitic forms. 
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When we have mentioned the progressivity of plant kingdom, the same must be 
true for the parasites of plants — the aphids, and all the aphids-natural enemies food 
chain. 

- Principles of plant geography. The main principles of plant geography arc mentioned 
below, being important for the classification of parasite faunistic complexes (good, 
mason, after cain, 1944): 

A. Principles concerning the environment. 

1. Climatic control is primary* 

2. Climate has varied in die past. 

3. The relations ofland and sea have varied in the past. 

4. Edaphic control is secondary. 

3. Biotic factors arc also of importance. 

6. The environment is holococnotic. 

B. Principles concerning plant responses. 

7. Ranges of plants are limited by tolerance. 

8. Tolerances have genetic bases. 

9. Different ontogenetic phases have different tolerances. 

C. Principles concerning the migration of floras and climaxes. 

10. Great migrations have taken place. 

IX. Migrations result from transport and. establishment. 

D. Principles concerning die perpetuation and evolution of floras and climaxes. 

12. Perpetuation depends upon migration and evolution. 

13. Evolution of floras depends upon migration, evolution and environmental 
selection. 

- Climate. A brief review of the main types of climate of the cardi is mentioned 
below (after schmithusen, 1961), being important for the classification of floristic 
zones — parasite distribution as well as for parasite introduction principles. 

1. Climate of perpetually moist tropics. 

2. Periodically dry climate of moist subtropics. 

(a) with short dry period 

(b) with long dry period 

3. Periodically moist climate of dry tropics 

(a) with long rainy period 

(b) with short rainy period 

4. Absolutely dry tropical or subtropical climate. 

5. Periodically moist climate of dry subtropics 

(a) with very short rainy period 

(b) with longer rainy period 

6. Climate of moist subtropics 

(a) climate of winter rains and dry summer 

(b) subtropical climate with moist summer 
fc) perpetually moist subtropical climate 

7. Absolutely dry climate of temperate zone 

8. Periodically moist climate of temperate zone 

(a) climate of semi-desert 

(b) climate of steppes 

9. Climate of temperature zone with uniform precipitations during the year 

(a) extremely oceanic 

(b) from mild oceanic to mild continental 

(c) from continental to extremely continental 
to. Subpolar climate 

(a) subpolar oceanic climate 

(b) subpolar continental climate 

II. Polar climate 
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- Floristic formations. As the general knowledge of the world fauna of parasites is far 
from being complete, the separate faunistic complexes being connected with sep- 
arate floristic zones, a brief review of floristic formations (after scrmithusen, 1961) 
is presented to allow a better orientation of the reader. 

I. Forests. 

Evergreen rant forest. 

Tropical evergreen rain forest of lowlands (In lowland districts of continuously 
moist warm tropics). 

Tropical evergreen mountain cloud forests (In continuously moist tropics and cloud 
districts of tropical mountains - mostly 1000-3500 m). 

Subtropical evergreen rain forest (Gradual transition to tropical forest being very 
similar to the latter). 

Temperate evergreen rain forest (partly similar to the subtropical rain forest). 
Evergreen sclerophyllous and coniferous forests. 

Sclerophyllous forests (evergreen sclerophyllous forest, type of subtropical districts 
with winter rainy period). 

Laurel forests (Mainly in cloud districts of subtropical submountains, inter-zone 
between sclerophyllous forest and rain forest of temperate zone). 

Doreal coniferous forest (Mostly or entirely from conifers). 

Mountain coniferous forests (In various climatic zones). 

Mangrove forest (In saline grounds of tropical sea shores) . 

Deciduous forests. 

Deciduous mcsophytic summer forests (In districts with cold winter and long moist 
and warm vegetation period, often mixed with conifers). 

Tropical deciduous rain forest (In monsoon Asian districts for example). 

Tropical xcrophytic deciduous forest (Inter-zonc between monsoon forest and dry 
forests). 

Xcromorpliic forests. 

Thom forests and succulent forests (With a number of succulent and thorny plants, 
in tropics and subtropics, where there arc 8-9 months with no rain, only low precipita- 
tions during a rainy season). 

II. Scrub formations. 

Evergreen scrub formations. 

Hydro-and mesomorphic evergreen scrub formations (temporary, in development 
of secondary forest in continuously moist tropics). 

Coniferous elfin woodland (On upper forest limit, as well as associations on moors). 
Sclerophyllous scrub formations (namely in subtropics with rainy winter periods ). 
Xeromorphic scrub formations. 

Thom and succulent scrubs (As mixed, often evergreen, often deciduous). 

Deciduous scrub formations. 

Formations of deciduous summer scrubs of temperate and subpolar belts (subarctic 
elfin woodland, and subantaretic scrub formations). 


III. Savannas and steppes. 

Sat annas (tropical grassy areas). 

Flooded savannas (covered with water, mostly natural, usually with no trees, along 
tropical rivers, inundation zone). 

Moist savannas (periodically green tropical areas, covered by tall herbaceous vege- 
tation). 

Termite savannas (park woodland - with peculiar flonstic formations around the 
termite nests). 

Dry savannas (grassy areas, in lowlands of tropical zone). 

Thorny savannas (in very dry districts). 



Steppes of temperate sot te. 

Prairies or chernozem steppes (widely distributed in temperate moist areas with dry 
summer and cold winter periods. Mostly cultivated today). 

Dry steppes of temperate zone (short grass and halfscrub steppes, transitional zones 
from prairie to semi-desert). 

IV. Meadows. 

Meadows and allied formations (in more or less moist oceanic climate of temperate zone 
with no hard winters and without strictly defined dry periods. Mostly cultivated, 
developed under nun’s activity and preserved in the present state due to continuous 
activity of man— cutting, pasturing etc. To natural meadows, some saline and swamp 
meadows, and mostly bottomland meadows). 

Alpine and subpolar meadows 
Saline meadows (sea shore) 

Bottomland meadows 
Moist meadows 

Fertile meadows and pasture meadows, etc. 

Reed thickets and herb meadows 
Reed thickets on ponds 
Reed thickets near springs 
Tall herb meadows 
Meadows near springs 

V. Formations of undershrubs and semi-undershrubs. 

Semideserts (Semi-arid and arid areas, xeromorphic open plant associations: Low bush 
semidcsert, succulent semidesert, semidesert with halophytes, etc.). 

Saxteolous formations and formations of solid grounds (Plant formations of rocks, alpine 
formations of rocky screes, rocky tundras or arctic meadows, etc.). 

High moors 

Peat moss bogs 
Tundra mires 

VI. Formations of mesophytes. 

Ephemeric herb meadows (Annual grasses in deserts after rams, etc.). Herb meadows on 
muddy soils. Formations of field weeds (Autochthonous formations of field weeds). 

VII. Deserts. 

The true deserts are districts of land with no or with scattered plant cover. There is no 
strict limit between desert and semidesert). 

VIII. Formations of water reservoirs. 

DC. Formations of seas. 

- history of world faunas. Only some principles have been mentioned that need 
to be stressed to understand the classification of the faunistic complexes of parasites. 
(Formation of the main continental faunas, after bobriskij, 1951: some of these seem 
to be true for the Vertebrates only, author’s note). 

I. In the North-southerly direction the faunas of different parts of land, occurring 
at the same latitude, gradually acquire greater differences. 

The fauna of the tundra of Europe, Asia and America is unusually identical in all 
the zone, the main part of animals being circumpolar in distribution. 

Faunas of taiga (coniferous forest, etc.) of Eurasia and N. America are still rather 
related, having many identical elements, some great differences occurring, too. 

The faunas of the Mediterranean, C. and Inner Asia, and the Far East differ among 
themselves, and from the faunas of the southern parts of North America. The dif- 
ferences are, however, of a subregional level. 


2. The most ancient animals of the period of the present day occur in the areas 
south of the tropic of Cancer. 

3. Many groups, restricted today in their distribution to regions situated south of 
the tropics, may be known as fossils from the north of the tropics. On the contrary, 
animals occurring today north of the tropics of Cancer, arc not known as fossils 
south of the tropics. 

4. Animals usually transferred from the northern to the southern hemisphere in 
corresponding environmental conditions, usually become established, but generally 
not vice versa. 

5. The main direction of the exchange of faunas is North-South, but not vice 
versa. 

In case of the disappearance of barriers (climatic, geological, etc.) one fauna comes 
into contact with another one. Complicated processes originate in consequence, 
having different results. 

(a) The elements of both faunas are exchanged in about the same degree, new 
fauna originating. 

(b) One fauna, which is more adapted to the given conditions or is better organ- 
ized, suppresses the other. 

In this case, separate forms of the retreating fauna may remain as relics. 

The changes and migrations of faunas develop at various speeds. After the dis- 
appearance of the barrier each fauna may conserve its independence for a certain 
time. And on the contrary, one fauna, the distribution of which is separated into two 
by a physical barrier, may conserve its independence for a long time. 

Aphid Phytogeny 

When classifying today’s distribution of aphids all over the world it is obvious they 
arc mainly distributed in the temperate climate belt of the northern hemisphere, only 
some groups being typical for the tropics. Their recent distribution is easily under- 
standable as the aphids have been connected with the mentioned type of climate also 
during their evolution. 

The climate and flora play the main role in the distribution ofaphids. shaposiinikov 
(i 9 Si, etc.) reached the following conclusions on bases of classification of aphid 
evolution and evolution of their host plants: the main direction in aphid evolution is 
connected with their transition from coniferous to deciduous trees, from trees to 
shrubs, from trees and shrubs to herbs, with no dependence on phylogenetic relation- 
ship and age. This corresponds to the general direction of plant evolution. The main 
cause of a similar direction of evolution is the same both in the plants and aphids — 
the adaptation to the occurrence in conditions of a drier climate. 

The most ancient groups of aphids are really connected with trees, just with those 
that arc typical of a forest zone — with coniferous, Fagaccae, Salicaccae, Ulmaceac. 

In the forest zone, in contradiction to the fauna of steppes and deserts, the ancient 
aphid groups are more distributed and the younger groups less. For example, in the 
forest zone, aphids of the ancient groups occur — the Adelgidac. Mindaridac, Lach- 
nidac, which live mostly on conifers, thechaitophorids(Athcroidinae) on Betulaspp., 
etc. The species of the mentioned groups arc, however, absent in the steppe and 
desert zones, although their host plants sometimes occur here. On the other hand, in 
the forest zone the numerous species of the cvolutionarily youngest aphid groups 
that arc connected with herbs arc lacking — Mactosiphoniella, Titnnosiphon, Crypto- 
siphum, etc., similarly to numerous species connected with Gramincae (Stpfui, etc.). 



further, xcrophyllous forms of Xerophilaphis , Smiela, Xcrobion-t ype, and also the 
genera that arc connected with halophilous plants. 

The geological history of the earth had the basic influence on plant communities 
of separate comments. Temporary connections, land bridges, climatic changes, etc., 
have all impressed deep features on the contemporary flora of the world. Apliids 
have naturally been influenced in a similar way, although their spread has also been 
influenced by several other factors (air streams, etc.). Because of the main distribution 
of aphids in the temperate areas of the northern hemisphere, the glaciation in the 
Quaternary lias apparently deeply influenced the apliid fauna. Most of the territory 
of Europe was covered by glaciers. The original native fauna of these districts either 
died or migrated to the southern parts of Europe because of the gradual movements 
of the glaciers to the south. As was mentioned in a previous chapter, the glaciation 
had primarily influenced the flora, various communities being influenced in a dif- 
ferent way, anodicr zonation having developed, and all this had an influence on 
aphid fauna. Nevertheless, in the post-glacial periods, because of the retreat of the 
glaciers to the north, and also in the interglacial periods, the flora had spread again to 
the new territories and followed, in accordance with a certain zonation, the glaciers. 

The migration of host plants has caused some changes in the aphid fauna. Some of 
the species, because of the lack of hosts, occur in the southern parts only. Other 
species spread northward, but their primary host plants did not ; such species occur 
today as anholocyclic spcdcs in Europe, being, however, holocychc in the south, 
where both primary and secondary host plants occur. In other eases, the distribution 
areas of host plants and aphids arc idcn tied. 


Parasite Phytogeny 

As mentioned previously, the aphidiid parasites have originated from the Ichncumo- 
noid complex of the Hymenoptera, being connected with the braconoid group that 
apparently originated in the tropics. Some groups of this braconoid complex, which 
is mostly classified as the family Braconidae today, had, however, differentiated and 
developed clearly in the temperate climate zone, where also their center of develop- 
ment might be ascertained. One of these groups mentioned is the parasite family 
Aphidiidae. 

The group of aphidiid parasites has developed m close connection with the host 
group — the aphids. Nevertheless, the fact has to be stressed that both the groups have 
on the one hand their own phylogenetical directions, on the other hand, there was of 
course a deep influence of the host groups on the parasitic groups as a part of the 
environment of the parasites (see: Host specificity). 

If the present relations of the groups of aphids and parasites are classified, there is no 
doubt that no parasite species of the family Aphidiidae attack members of the aphid 
superfamily Adelgoidea (families Adelgidae, Phylloxendae). This means, as to the 
phylogeny, that the parasite group adapted to the parasitism on aphids at the period 
when the main two groups of aphids — the Adelgoid and the Aphidoid — had dif- 
ferentiated. This is also recognizable from the comparison of morphological and 
ecological features of both groups. 

We do not know the ancestors of the recent aphidiid parasites that represent the 
original groups and adapted to the parasitism on aphids. Judging from the present 
distribution and specificity of the parasite group, it is, however, obvious they orig- 
inated in a temperate climate belt and in forest type habitats. 

Although it is difficult to recognize the development of separate genera of the 
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aphidiids as the species of these genera often attack a number of various phylogenct- 
ically unrelated groups, the aphid ecology being also very important, the basic fact 
has to be stressed that there is no doubt about the existence of two main phylogenetic 
directions in the parasite group (further details — sec Phylogeny). 

A. The first group is represented by the ancestors of the present genera Pauesia, 
Xenostigmus, Diaerctus, Metaphidms. They are parasites of the Lachnidae, being con- 
nected primarily and mostly with coniferous forest habitats. 

B. The second group is represented by ancestors of the rest of the parasites. They 
are primarily connected with the deciduous forest habitats and the aphids occurring 
there. 

The first group, the ancient coniferous forest complex, had developed very 
separately and has given origin to a few complexes that are, however, closely con- 
nected again with the coniferous forest type. 

The second group, the ancient deciduous forest complex, on the contrary, has 
given origin to the steppe fauna. The adaptation of a certain part of this complex to 
the conditions of a drier climate have no doubt caused big changes and evolution of 
new forms. The recent deciduous forest and the steppe complexes arc the most 
numerous as to distribution, spread, number of species, etc. For this reason, the 
phylogenetic direction deciduous forest — steppe seems to be the main and typical 
direction of the aphid parasites development. 

From the steppe complex, the semi-desert and desert complexes have originated. 
The fauna of the ancient steppe areas is but poorly known to give any more detailed 
opinions. 

Some elements of the deciduous forests seem to have adapted to the conditions of 
a cooler climate. These are today’s faunistic complexes of Forest Tundra and Boreal 
Europe, which are probably the results of adaptation to the conditions of cool arctic 
steppe (tundra) or to the transitional type (forest, tundra). 

On the other hand, some elements of the ancient deciduous forest that was con- 
nected with the tropical ram forest (south-eastern Asia) invaded the latter type of 
forest and apparently adapted themselves as the parasites of certain aphidoid groups 
of aphids that occurred there. It is possible, the adaptation was cither of the common 
type, aphidoid type, or on the derived and more specialized groups (Grccmdeidae) as 
it seems from the composition and host specificity of the recent parasites of the 
mentioned groups. 

- distribution of the parasites. The general distribution of the aphidiid parasites 
is determined by the following mam factors: (l) The geological history of earth, 
(2) The phylogeny and distribution of floras, (3) The phylogeny of the parasite 
group itself (or higher taxonomical unit — braconoid group, etc.) (4) The phylogeny 
and distribution of aphids, (5) Man’s agency. 

The separate factors arc dealt with in more detail in different chapters of the book. 

- Aphids and parasites. The following possibilities of host - parasite distribution 
relauonship may occur: 

A. Host is not attacked by the parasites at all. 

This may be either the result of our poor knowledge of the parasites, or there may 
be really a group of aphids disregarded by parasites (Adelgidae, Phylloxcridae). 

B. Host is attacked by aphidud parasites 

(a) An aphid species is attacked by the same parasite species in its whole dis- 
tribution area. Examples: Brevicoryne brassicae — Diaeretiella rapae. Schizolachtius 
pincti — Panes 1 a umlachni. 

(b) An aphid species is attacked by the same parasite species in a part of its dis- 
tribution area only. Tbs may be caused either by the spread of the aphid (man’s 
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agency) over a geographic barrier (ocean), or it may be caused by different require- 
ments on the environment by the host and parasite. Example: Thcrioaphis trifolii and 
its parasites. 

(c) The aphid species is attacked by the same parasite species in all its distribution 
area and by other parasites in some parts of it. Examples : Brcvicorync brassicae — Diacre - 
tiella rapac — other parasite species in different districts of the host aphid distribution 
area. 

(d) The parasite fauna of an apliid species is different in various parts of its 
distribution area. Examples: Hyahptcms pnmi, Toxoptcra aurantii, Aphis craecivora, 
A.gossypii, and numerous other eases. 

- Center of origin. Paleontology is usually found to be most helpful in identifying 
the center of origin and center of distribution of a given group. These methods can, 
however, be applied very poorly in the aphidnds because of Jack of material. 

In such a ease, the centres arc identified on the bases of the following theses, com- 
monly used in zoogeography: 

1. The districts where the most primitive forms of the given group occur, i.c. 
forms that are little different from the original forms, is the center of origin, and also 
the center of distribution in this ease. 

Good taxonomic knowledge is necessary for such a classification. Nevertheless, 
and this is a disadvantage of this method, all the recent forms arc more or less deviated 
from the original (fossil) direction, as may be recognized from the comparison of 
fossil and recent fauna. Besides, evolutionarily younger forms may be found to 
occur today in the present area of such a centre of origin. 

2. The district, where the highest number of forms of the given group occurs, is 
usually the center of distribution. 

This is in close connection with a good state of knowledge winch is not the case 
of the aphidiids and incorrect results would be obtained when comparing the 
clearly unequally studied faunas of different regions. 

3. The center of origin might be a district that corresponds by its environmental 
conditions to the life of the original group. 

This is useful in the case of aphidiids. 

Summarizing the generally used criteria, because of our contemporary state of 
knowledge, we shall deal with that stage of phylogeny of the aphidiids, when the 
ancient deciduous forest and coniferous forest complexes were separated. More 
detailed information was given in the chapter about parasite phylogeny and host 
specificity development. 

Although we know some fossils from the Upper Tertiary, we prefer to start 
classifying the centers of origin 60m the recent distribution of the aphidiids. 

Deciduous forest. The ancient faunistic complex occurring in the Turgaian forest 
seems to be the basic one as to the origin of the present fauna. We do not know the 
corresponding fossils, but due to the possibility of comparison of known Far Eastern 
and European fauna, conclusions may be reached that the generic range of this 
fauna was very similar to that of the present fauna. The more ancient faunas (Oli- 
gocene) possess a lot of characters that enabled us to separate them as ancestors of the 
present forms (comparison of these faunas see Phylogeny). In the Turgaian forest 
there occurred at least species of the genera Ephedrus , Toxares, Praon, Protaphicliiis 
(secondary', an element of coniferous forest), Aphidius, Lysiphlebns, Lysiphlebia, 
Trioxys, Monoctonus, etc. The influence of the Quaternary caused the migration and 
disjunction of the turgaian forest belt. It has remained in a more or less untouched 
state up to the present day in the Far East. The central part was suppressed, in Europe 
it has given origin to the recent European Deciduous Forest fauna. The disjunction 
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of the primary homogeneous belt has given origin to the two complexes of today, 
which arc connected with the deciduous forest formation: the first one is older, 
having existed since the end of the Tertiary to the present day, the second one is 
secondary, younger. From these two main centers of origin a further spread of the 
species in the neighbouring zones and habitats may be derived. The third center, the 
third rest of the tertiary deciduous forest, seems to exist in N. America. 

A further spread from these centers tiiat followed, invaded (a) the tropical rain 
forest (this invasion may be, however, of Tertiary age), (b) the steppes (the invasion, 
because of the origin of steppes in Eurasia, seems to be of Late Tertiary, intcrglacials 
and post-glacial periods). The center of origin of the steppe fauna was somewhere in 
western Eurasia. From this centre of origin the species spread to the scmidcscrt and 
desert, partially to intermediate zones (forest-steppe). In quite recent periods they 
invaded the cultivated lands, which have originated as a result of forest cultivation 
(western Europe, etc.). The Ncarctic steppe fauna is ccologialiy identical, never- 
theless, there occur certain specialized elements that are not present in Eurasia 
(Acauthocaudus). As for the generic composition, it seems that it originated from a 
source similar to the Eurasian steppe faunas, (c) forest tundra; this invasion is clearly 
of interglacial and postglacial period. 

Coniferous forest. Two centers of conifers arc known today. The first one being 
somewhere in C. China, the second one in Ncarctic America. Because of the exist- 
ence of the identical main generic complex both in Eurasia and Ncarctic America, 
it is clear that the separation of coniferous forests had begun at the period when 
there occurred ancestors of the recent Cinarinc aphids and their "Pauesia- like" para- 
sites (see history of floras). Pauesia and Diaeretus arc no doubt the original groups of 
the coniferous forest parasite fauna. 

In N. America, there is a derived genus, Xenostigmus, that docs not occur in the 
Palearctic region. Owing to the ecological specialization and taxonomic abundance 
of Cinarinc aphids in Ncarctic America, it seems that the parasite group will be more 
numerous there, too. Similarly, the Quaternary period's influence is lower due to the 
retreat possibilities of the tertiary coniferous forest to the south. 

In Eurasia, the tertiary coniferous forest centre in eastern Eurasia seems to be the 
primary original centre of coniferous parasite fauna, too. The species were either dis- 
tributed in pre-glacial times in Europe, also, but they might liavc spread here in the 
Quaternary, due to the existence of a wide taiga coniferous forest belt. Never- 
theless, it seems this will be a similar ease as in the deciduous forest history. The para- 
site fauna of the tertiary coniferous forest was separated by the influence of glaciers, 
some species developing further (vicariants of today), some not — species with the 
disjunctive recent areas of distribution. 

Europe has given origin to the genus Metaphidius. This genus is not known from 
the Far East. For this reason, and also because of the occurrence of separate species 
of Pauesia, we may consider the European Coniferous Forest, better to say their 
refugia, to be secondary centers of origin of the coniferous forest parasite fauna. 

The relation of the northward spread of species of both the ancient complexes 
mentioned has not been classified as yet due to the poor knowledge of the taiga zone 
of the USSR. 

We may summarize the above as follows: Two ancient faunas — connected either 
with deciduous or coniferous forest — may basically be recognized. Since the end of 
the Tertiary and during the Quaternary they have given rise to the various faunas. 

The centers of origin are not of the same histone value, the following being 
recognized: Far Eastern Deciduous Forest, European Deciduous Forest, North 
American Deciduous Forest, Far Eastern Coniferous Forest, European Coniferous 
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Forest. From these centers of origin the fauna spread and a part of this fauna has 
given rise to the rain forest, steppe, desert, forest-tundra fauna of today. 

- Center of distribution. Because of our comparatively poor knowledge of the dis- 
tribution and ecology of separate species of parasites, we have to identify today 
their center of distribution in accordance with their host specif dty and distribution. 
In accordance with the knowledge of the main faunistic complexes, we can classify 
the species as a member of a certain faunistic complex, i.c. its probable center of 
origin. Then the host specificity and habitat preference arc classified. Further local- 
ities and host-spccificity in other districts of distribution area arc classified from 
this viewpoint. 

In some cases, two of which arc mentioned below, the originis clear and the dis- 
tribution is restricted to a certain part of Eurasia, the western and eastern parts 
being clearly separated by the existence of other species in both the districts men- 
tioned. 

Examples: Lysiphlcbus ambiguus is a typical inhabitant of the European Dedduous 
Forest woodland. Because of its host range it is mostly connected with wet places, 
neighbourhood of brooks, woody river banks, etc. It spreads, following the men- 
tioned types of habitats, southwards, namely along the rivers. Because of slirubs 
along the irrigation ditches it occurs commonly in sudi places in southern Europe, 
penetrating in this way to the irrigated orclurds, gardens and parks, where it may 
commonly be found elsewhere. The same is true in Asia Minor. The eastward 
spread reached C. Asia. In the semi-desert and desert zone the spcrics, similarly as in 
Europe and Asia Minor, is quite common in irrigated places (parks, gardens, fields), 
but along the irrigating channels, brooks, small nvers, etc. it penetrates far into the 
real desert and spreads in the neighbourhood, being a parasite of aphids on desert 
and semi-desert plants. This parasite is able to spread, as is obvious from the men- 
tioned facts, to the south and east in the more xcrotherm zones following the humid 
habitats, although being a member of the European Deciduous Forest complex. 
Besides, in the south, it attacks new hosts which, however, do not occur in the center 
of its area of distribution ( Toxoptera aurantii. Aphis ptmicae, etc.). 

Trioxys attgelicae is a typical member of the European Deciduous Forest faunistic 
complex, its distribution area, however, covers all Europe including the south, 
penetrating to Asia Minor. Similarly as Lysiphlebus ambigutts, it penetrates into the 
southern districts following the rivets (woody basis); in rise sooth it occurs in ir- 
rigated places (parks, orchards, gardens). Besides the spread into these habitats of the 
south, it often parasitizes there host aphids that do not occur in C. Europe ( Toxoptera 
aurantii). 

In the case of a more widely distributed species, in transpalearctic species for 
example, this is not so obvious. It seems that in some of such cases — e.g. in Lipolexis 
gracilis — the species are Far Eastern as to origin, but they found rather suitable con- 
ditions of occurrence in Europe, and such species seem to attack today more species 
in Europe than they do in the Far East, Le. in their center of origin. Ephedrus plagiator, 
E. persicae, etc., seem to represent similar cases. 

Our contemporary knowledge does not allow us to distinguish some subspecies in 
widely distributed species, although such attempts are known from the literature, 
these being unjustified in our opinion. 

- Area of distribution. As in every species, also in the aphidnd parasites the area of 
distribution may be subdivided as follows: (i) Zone of normal distribution, (2) Zone 
of occasional distribution, (3) Zone of possible (potential) distribution. 

The main feature of the zonauon in parasite distribution has to be emphasized : The 
parasites, owing to the main factors determining their distribution, occur today in 
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certain zones, which arc more or less identical with the zonal distribution of separate 
floras. Nevertheless, because of historical reasons, the parasites usually occur in the 
normal and occasional zone of distribution, the other habitats of various kinds in 
other regions having the possibility of being useful, too. The lack of the species in 
these habitats is due to the place of the center of origin, spreading possibilities, etc 
This is of great significance for the biological control (see below). 

Horizontal zonation of the area of distribution depends on that of the floristic 
zones and is shown in many parts of this chapter. 

As to the vertical zonation of the area of distribution, the mountain landscapes arc 
typical by their interzonal character. However, the latitudinal belt, in which the 
mountain ranges arc distributed, has a certain influence on the mountains as well. 
The most peculiar feature of mountains is the vertical zonation. 

There is a certain parallelism between the horizontal and vertical zonation. It is 
conditioned by a decrease in the quantity of heat both in the direction meridian 
- pole and sea level - upwards. For this reason, there is the same type of distribution 
of basic zones in dependence on latitude as well as oil altitude. Moreover, besides 
these mentioned similarities, mountain fauna, in general, cxlubits its own typical 
peculiarities. 

In accordance with their distribution in various floristic zones, the parasites seem 
to follow primarily the given floristic zone irrespective of the altitude above sea 
level. This is true for the temperate climatic belt for example. 

In the European mountains, usually the following vertical zonauon is developed: 
Alpine meadows, subalpinc meadows, coniferous forest, deciduous forest, steppe 
(cultivated steppe); the zonation is variable in accordance with the given mountain 
range, some zones may be absent, etc., but the gradual scheme is the same. Thus, we 
may find the northern elements to occur in higher altitudes m corresponding zones 
in C. European mountains, these, however, being present or absent in the lowlands 
— due to the influence of the Quaternary. For example, Ephedras pcrsicae was found 
in the deciduous forest upper frontier as a parasite of Dysaplns sorbs on Sorbus in 
ATriglav, Yugoslavian Alps, near the snow line, m the close neighbourhood of 
alpmc meadows. 

Similarly, in the Caucasus, we have ascertained the following vertical zonation in 
the river Baksan valley up to the peak of Elbrus: z- 2,500 m altitude — Aphis 
eptlobit, A.fannosa, A. tdaei — members of the deciduous forest zone; Brachycaudus sp., 
Metopeurum fuscovinde, Macrosipkoniclla spp. — rudcral elements of steppe origin. II. 
About 3,000 m — Dysaphis sp., Brachycaudus sp.. Aphis jabac — on subalpinc meadows. 
III. 3,500 m — in the close neighbourhood of a glacier (Tcrskol and Irik glaciers) — 
Belulaphts sp., Cavariella sp.,— in forest tundra community. IV. Snow fields, no 
vegetation. The composition of parasites was basically identical, corresponding to 
the composition of parasites in the separate latitudinal zones-commumties in C. 
Europe. 

A very useful illustrative example may be mentioned: the vertical zonation of 
aphids in dependence on the flora (narzyk.ui.ov, 1962), studied in Tajikistan. 

x. Semi-savanna or hyperxerophilous open woodlands. 

In the lowest localities of river valleys. 300 - 450 m alt. : Brachycaudus saxaultcae, 
B. caihgoni, B. plotnikovi, B. saholacearum, and dominant species characteristic of 
forest communities of river valleys. 

2. Subtropical or and open woodlands. 500-600 m alt. The aphidofauna is 
richer, due to the richer flora and milder conditions. Slavum letuisco'tdes, Forda hirsuta 
— on Pistacia sp. 

3. Broadleaved mcsophytic deciduous forest. 1100- 1200 to 2220-2400 m alt. 



The richest flora and aphid fauna. 70% of aphid species found in Tajikistan occur in 
tliis zone. Anuraphis subterraiua, Periphyllus mamontovae, Dysaph'ts cratacgi, Rhopalo- 
ntyzus sp., Hyadaphis sp., Chaitophonis sp. Bctulaphis sp.. Call ip terns sp,, Cltromaphis 
juglandicola, Cavariella sp., Cuprcssobium sp. 

4. Subalpine meadows. 2400 - 2500 to 3,000 - 3200 m alt. No woody plants, poor 
aphid fauna: Dysaphis, Brachycaudus, Capitophoms, Nasonovia, Acyrthosiphoit. 

Unfortunately, no detailed records have been obtained as to the parasites, although 
the author’s studies in 1962 made in the same territories have shown at least the 
structure of parasite fauna, the composition of which corresponds to the above men- 
tioned vertical zonation also (stary, 1965). Moreover, we have ascertained that the 
interzonal character of rudcral flora is apparently true for such eases, too, as we have 
found in C. Asian (Tajikistan) mountains. For example, Aphidius absinthii, at about 
3000 m alt., this being a species widely distributed in lowland steppes to scmidcscrt 
zone, from \V. Europe to the Far East. However, in the last ease, as the zonation in 
the C. Asian mountains has a different composition on northern and southern 
slopes, it is also possible that the species had followed, besides the suspected rudcral 
route, the steppes that reach high altitudes in the mountains as well (southern slopes). 

Summarizing, the corresponding floristic zone has to be followed when clas- 
sifying the vertical zonation influence in the distribution of separate species of para- 
sites in temperate climate districts. 

In the tropics, however, the conditions seem to be somewhat different. Primarily, 
as mentioned above, the aphid parasites do not include originally tropical forms, 
except for some cases, as to their phylogeny. We must distinguish, too, between the 
distribution in the tropics and tropical species as to the origin (for example, the 
tropical cloud forest is generally of a temperate climate, but the tropical rain forest in 
the lowlands is of a true tropical climate). 

In the tropics, too, the features of aphid bionomics and ecology arc different. 
Relative humidity, temperature, shade, presence of host plants, seem to be the main 
factors determining the occurrence of aphids in the tropics. According to our studies 
in 1965 in Cuba, a lot of species is rather polyphagous, following their plants from 
the lowland orchards (originally savanna) to tropical deciduous forest, to lowland 
type forest, lower mountain rain forest, to cloud forest. Such species (Toxoptcra 
aurantii. Aphis gossypii, A. spiraecola, A . craccivora, etc.) might be mentioned, as 
trans-zonal species in the tropics. The same is true about the parasites of these aphids 
(Lysiphlebus testaceipes). Usually, the mountains in the tropics, due to the perpetual 
suitable conditions of relative humidity, are the most suitable as to the aphid occur- 
rence, many species being restricted to these places only, although they might be 
distributed also in the lowlands in case of lack of dry and wet yearly periods. 

- Rajige of area. The range of distribution area of a given species is principally de- 
pendent on its ecological valence, i.e. on its geological age, which is a rather com- 
plicated matter, and the possibilities of spreading over the barriers. 

Cosmopolitan species are not common among the parasites, their distribution 
being the result of human agency in the majority of cases. 

Because of the connection of parasites with the separate floras, which are zonal in 
distribution, the areas of separate groups of parasites were primarily zonal, too, in 
the frame of a given continent. A number of species that occur in the Palearctic 
region might be mentioned as examples. But the Quaternary, that had caused such 
deep changes and migration of different floras, caused also corresponding changes in 
the distribution of parasites. As a result, the areas of some speaes are either dis- 
junctive today or (almost) continuous (transpalearctic species). 

The small range of area may be either the feature of a group that has not found the 
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possibility to spread (Lysiphlelus spp. in the Far East) or it is a case of an old regressive 
group. The senescence of a certain group may, however, result in its adaptation on 
hosts, the ecology of which is somewhat different from the general ecological fea- 
tures; root aphid parasites — Parahpsis, Achtus, etc., — seem to be members of very 
isolated and ancient groups. 

- Stability of area. Any area of distribution may be : 

1. Relatively stable, changing in accordance with time only. This is a case of a 
strictly specialized species. 

2. Unstable, i.e. an area in the process of evolution. 

The unstable area is a feature of a species that (a) did not reach the climatic bound- 
aries, (b) is a species in regression, (c) in which changes are caused by the influence of 
human agency. 

Our data are too inadequate owing to the short period of taxonomic knowledge of 
the group, so that wc can hardly speak about a species in regression. 

The first case is quite common in a widely specialized species that may attack a new 
host in the conditions of new environment. For example; previously mentioned 
cases of European Deciduous Forest species that spread southwards and eastwards. 
Similarly, the species of Holarctic Forest Tundra seem to spread progressively, too. 
The third case, the influence of human agency, is also quite common. The accidental 
introduction of parasites with the host aphid is most common. Nowadays, due to bio- 
logical control activities, the stability of area of some species has been changed, and 
further species will be influenced in the future, too. 

- Disjunction of area. The disjunction of area is usually caused by the following in- 
fluences: 

A. Natural. 

1. By the change of climate in a part of the distribution area, where the species is 
later eradicated. This might be a case of strictly semi-desert speaes in irrigated lands, 
of steppe species in case of steppe cultivation, etc. 

2. By the migration of plants and their eradication within the limits of the original 
area. This was a common case in all the Quaternary period, having a corresponding 
influence on parasite fauna. For example, the disjunction of the tertiary turgaian 
forest had caused the later origin of the European Deciduous Forest and the Far 
Eastern Deciduous Forest complexes, while some species have occurred in both 
parts of the original area till now. 

3. By the submersion or separation of parts of land. This is a case of separation of 
Palearctic and Ncarctic regions, with a corresponding influence on the fauna of con- 
iferous and deciduous forest. 

B. Unnatural, caused by man's agency. 

4. Accidental introduction. Several species of parasites {Diaeretiella rapae) have been 
incidentally introduced in the greatest part of the world. 

5. Introduction for biological control purpose. Here the generally known trans- 
ferring of parasites of Therioaphis tnfolii from the Old World to California and their 
successful establishment can serve as an example. 

- Area and effectiveness. There is a general rule known with the natural enemies, 
that not one speaes of a natural enemy complex is likely to be effective throughout 
the range of its host (n. anders, 1959). 

Wc have unfortunately no detailed records on the aphid parasites in this respect. 
Nevertheless, field observations on practically each speaes may show that it is more 
common in one and less common m another habitat, this being also connected with 
the effectiveness. Detailed records on the relative effectiveness of some parasites have 
been obtained by American authors in biological control experiments on Therioaphis 



trifolii , the area dependence of effectiveness being clearly shown by comparison of the 
parasite effectiveness in different parts of California {see: v.d. uoscit ct ah, 1964). 
These detailed observations have obviously shown the variability of degree of effec- 
tiveness on the conditions of the environment, in spite of the environment being 
somewhat unnatural for the introduced species. Nevertheless, we have no really 
detailed records from the whole area of a parasite species to show exactly the degree 
of effectiveness-dependence on the area. \Vc can believe only that it varies in a similar 
way as in the smaller districts, from where the records arc obtainable in the literature. 

- Vicariaitis. Systematical vicariants. A splendid example of a big group of system- 
atical vicariants may be mentioned if the Far Eastern Deciduous and European 
Deciduous Forest complexes arc compared. Due to the disjunction of areas ofspccics 
of the tertiary turgaian forest in the Quaternary, in a number of eases the separated 
populations have given origin to separate species: 

Far Eastern Deciduous Forest European Deciduous Forest 

Aelitas sp. (shiga, in litt.) Aelitas obsatripetmis 

Aphidius areolatns Aphidius setiger 

Praon orientals Praott volucre 

Protaphidius nawait Protaphidius wissmattnii 

Toxares shigai Toxares deltiger 

(Paralipsts eihoae Paralipsis ettervis) 

Ecological vicariants. Many species related ecologically but not systematically 
might be mentioned. 

- Endemics. The parasite species in a given area might be: 

A. Autochthonous, if they originated in situ. This is the ease of the Far Eastern 
Deciduous Forest complex, that originated at the very place at the Tertiary, or it is 
the remains of typical fauna that was widely distributed m the turgaian forest type in 
the Tertiary. 

B. Allochthonous, if they are immigrants from the neighbouring area. 

As it is known, the criterion of endemism is relative in a certain degree, as it 
changes in dependence on time. This is just the case of the aphidiid parasites, the 
distribution of which depends on the distribution and migrations of certain floras. 
For this reason, it would be better in our opinion to classify certain species as endemics 
of a certain floristic zone or flora than as endemics of a certain continent or country. 
If this criterion is accepted, endemism is quite a common matter among the aphidiids, 
corresponding to the phylogeny of the group in accordance with the evolution of 
floras and fauna of hosts. 

Our viewpoint may be illustrated by the following rather typical example — 
Monoctonia pistaciaecola. It was described originally as a parasite of the leaf-curling 
aphid Forda sp., on Pistada sp. from the Crimea, U.S.S.R. Phylogenetically, it is no 
doubt a very peculiar and isolated group. Later, it was found to occur in Tertiary 
relic Pistacia forests in the C. Asian mountains, the U.S.S.R., as a parasite of Forda- 
apliids. But, in similar habitats, it was found to occur as a parasite of gall-aphids 
Pemphigus sp. on Populus. Later, it was found as a parasite of Forda sp . on Pistacia sp. 
in southern Italy. There is no doubt, if the species would be primarily found to 
occur as a parasite of Forda sp. in the mentioned Tertiary relic Pistacia forest in 

C. Asian mountains, it would be quite probable that the commonly used criterion 
“endemic of Central Asia” wouldbeapplied, too, in this case. Nevertheless, our recent 
classification keeps Af. pistaciaecola as a member of the Mediterranean faunistic com- 
plex, which also reaches C. Asia and C. Europe. We may expect the species will be 
found in other parts of the Mediterranean, too. Ecologically, it is a parasite of certain 
gall aphids {Forda, Pemphigus). It is a typical inhabitant of the Mediterranean-type 



districts, nevertheless, it occurs in the C. Asian Deciduous Forest, with the same or 
very similar host complex, while in C. Europe it attach only Pemphigus-species as 
Perdu-aphids occur here exclusively as anholocydic species (root aphids), their pri- 
mary host plant — Pistacia — being absent in C. Europe. 

- Relics. Tertiary relies. The species of the recent Far Eastern Deciduous Forest com- 
plex may be mostly classified as tertiary relies as we know that both floristic and 
faunisuc records show the conditions of environment have almost not changed in 
this territory since the Tertiary. 

In other cases it seems unjustified to classify the species of separate faunistic com- 
plexes as relies, as due to the migration of floras, parasite complexes Iiad also changed 
their areas. The incidental occurrence of a species in a place far from its known dis- 
tribution area is apparently mostly due to the incidental immigration (air streams) 
than to the relic character. 

A case of Trioxys pannonicus, which is a member of the Eurasian Steppes faunistic 
complex, and was found as the supposed Tertiary relic in the Canary Islands 
(MACKAUER, 1962) has to be classified from the mentioned point of view as well. 
The details arc presented m the chapter on Island parasite fauna. 

- host specificity of parasites is influenced by a great number of factors, dealt with 
earlier in more detail (see: Host specificity). Our observations have shown that the 
habitat is of greatest significance. The influence of habitat is most remarkable in the 
temperate climate zone, having certain other apparently derived features in the 
tropics. In parasites of the monoecious aphid species the importance of relation to the 
habitat is less distinct as these parasites occur mostly, similarly as their hosts, through- 
out all the season in the same type of habitat (forest, steppe). The relation to the 
habitat is more apparent in parasites of dioecious aphids because of the migration 
from primary to secondary host plants, change the type of habitat (Forcst-steppe- 
forcst). In this case a dioecious aphid species is attacked by different complexes of 
parasites the composition of which depends on the type of habitat in which they 
occur. As far as it is known, dioecious aphid parasites do not include the monopha- 
gous species; after emigration of a dioecious aphid host the parasites infest other 
aphid species, either other dioecious aphids still occurring in the habitat, or some 
other suitable monoecious species. In other eases dioecious aphid parasites enter dia- 
pause during this time. The importance of the habitat is also recognizable from the 
fact that the type of habitat is more important than the presence of primary or 
secondary host plants. In case of a certain intermediary habitat, where primary and 
secondary host plants (shrubs and herbs) occur together, the parasite complex cor- 
responds to the given type of habitat or may be mixed. 

The existence of a suitable host in a suitable type of habitat is a further prere- 
quisite for the parasite existence. The host suitability is determined on the one hand by 
the phylogcnetical relationship of the host and the parasite, on the other hand by the 
range of plasticity of parasite specificity. These two factors arc of a different degree of 
importance, their influence being changed during the phylogeny. Both clear cases of 
a strict adaptation of an aphid parasite to its host, and cases where the mode of host 
life is more important than host-parasite ph>logcnctical relationship, and a number 
of intermediary eases, arc known. Although floristic zone dependence of parasites 
seems to be satisfactorily proved, there is no doubt that a lot of intermediary zones 
occur, where the parasites attached to both neighbouring zones may be found, or 
some species may penetrate from one zone into another. 

The strictly specialized (“monophagous”) parasites axe restricted to a single host 
species, their specificity cannot vary in various parts of their distribution area, al- 
though their distribution area may not be identical with that of the host. 



In less and widely specialized parasite species the following eases arc known to 
occur: 

A. Distribution area of the parasite is wider than that of its host. Example: 
Aphidius absinthii is a European steppe element, distributed from western Europe to 
the Far East. It is restricted as to the host range to MacrosiplmiUlU species, attacking 
various species of this genus all over its distribution area. 

B. Distribution area of the parasite is approximately equal to that of the host 
species. Example: This is a common ease in a number of less specialized parasites 
that attack several host aphids or aphid groups and occur in more or less the same 
conditions. Both the host aphids and parasites arc mostly represented by a not too 
progressive species that arc closely connected with a certain type of habitat (European 
Deciduous Forest, etc.). 

C. Distribution area of the parasite is smaller titan that of the host aphid. 

(a) The smaller distribution area of the parasite is due to the influence of geo- 
logical history and less ability of the parasite to spread. Example: Some Periphyllus 
species arc distributed all over the Palcarctic region. They arc attacked by two 
groups of closely related parasite spcacs that represent systematic vicariants due to 
the history of the tertiary deciduous forest: Aphidius setiger in Europe, A. areolnius in 
the Far East. 

(b) The smaller distribution area of the parasite is due to the influence of geo- 
logical history and lower ability of the parasite to spread because of certain close con- 
nections with temperature conditions. Example: Aphidius transcaspicus, though 
widely distributed from the Mediterranean to C. Asia, attacks one of its host species, 
Hyaloplerus pruni, in this area only, while the host aphid is much more distributed, 
e.g. northward, not being followed to these districts by the parasite. 

It is possible that the host specificity patterns will vary in accordance with the 
centers of distribution, between Eurasia and Ncarctic America namely. The 
Nearctic aphids often seem to exhibit a combination of host plants, that is quite 
unusual for similar conditions of Europe (Dr. holman, personal communication); 
the same might be true as to the parasites, nevertheless, the known records do not 
seem to permit any generalization as yet. 

This relation of host preference of parasites and geographic distribution is obvious 
in a widely specialized parasite species: 

According to our observations the host preference of parasites is different in 
various parts of their distribution area. The widely distributed species naturally fall 
under the influence of other environments. In these other environments they come 
mto contact with other hosts — either other species of the same genus in case of more 
strictly specialized parasites, or species of other aphid groups that are more or less 
phylogenetically or ecologically related. Because of their host range they are able to 
attack such hosts and successfully parasitize them or not. If the main host or host 
groups “A is scarce or absent in the new environment, the parasite adapts to other 
hosts which may either be entirely new for it or they may be alternative or additional 
hosts in the area of the main host “A*'. These hosts then become main hosts “B” of the 
parasite in other given areas. Two examples of a somewhat different kind might be 
mentioned: 

Ephedras pcrsicae. In Europe distinctly prefers members of the Anuraphidine and 
Myzine aphids, leaf-curling species for example, in Asia Minor it attacks many 
Aphidine and Myzine aphids. No doubt, the host preference is apparently influenced 
by the occurrence in different habitats that is connected with the southward dis- 
tribution of the parasite. In the Far East, it mostly attacks the freely living and leaf- 
curling aphids of the Aphidine and Myzine groups, and reproduces parthenogenet- 



ically there. Its host range in the Ncarctic America covers also such species which are 
not parasitized in Europe, being present or not in this area. 

Diaeretiella rapae in Europe attacks mostly Brcvicoryne brassicae, Hayhurstia alripUcis, 
Myzus perstcae, and some other aphid groups rarely. The host preference is different 
in various parts of Europe. In Ncarctic America, it is known as a parasite of some 
Aphis-species, too. 

Lysiphlebus tunbigutts and Trfoxys angeltcae can also be mentioned. Their host range 
in southern Europe differs from that of C. Europe, as they infest in the south species 
that do not occur in C. Europe. 

The different host preference seems to be an indication of the possible existence of 
biological races, etc. in separate species, nevertheless, our knowledge is too inadequate 
to establish some clear cases based not only on field but also on experimental observa- 
tions and studies. 


Faunistic Complexes 

The distribution and occurrence of the parasites of nowadays shows that the group 
has been primarily connected with the typical North-South zonation of plant com- 
munities. Nevertheless, the original zonation belts were deeply influenced by glacial 
periods, the original distribution areas of parasites being changed, separated into 
several parts, put under influences of different climates, etc. This has resulted in the 
existence of certain groups of parasite* in various areas, the separate groups often 
having a different origin — the faunistic complexes of more or less recent types have 
originated. 

The faunistic complexes of today, as mentioned above, arc partially the more or 
less original complexes of the late Tertiary; the others have changed due to the 
migration of floras and faunas in the Quaternary. It has to be stressed that the ancient 
faunistic complexes originated in separate floristic zones, after the disjunction of 
these zones because of continental changes, climatic changes, etc., later they dif- 
ferentiated m separate continents, their original connection being, however, obvious 
also at the present time if the historical factors arc evaluated. 

Our maps, being made in accordance with the corresponding level of our knowl- 
edge, will no doubt change somewhat after further records are obtained, never- 
theless, the mam ideas on the geographic distribution of parasites seem to be usefully 
illustrated. 

- A review 

- Holarctic Forest Tundra (Fig. 273). Characteristics: It is typical for cool arctic cli- 
mate conditions, being a transitional zone between forest-free tundra area in the 
north and mostly coniferous taiga forests in the south. It covers both the forest- 
tundra where the forests occur in river valleys and protected places, and open wood- 
land. The following trees arc usually mentioned as typical: Salix, Ain us, Betula, etc. 
Distribution: The forest tundra sub-zone is holarctic, circumpolar in distribution. 
The tundra zone is situated between the arctic rock deserts and coniferous or boreal 
forests. Due to the influence of the Quaternary, many elements of the forest-tundra 
may be found far m the south, in parks and at higher altitudes in the mountains, or in 
the lowlands (peat bogs). Typical species: Aphidtus cingulatus: distribution: Europe, 
Ireland, Kazakhstan - U.S.S.R-, Iceland, U.S.A. - Mass., D.C., Ohio, Calif.; host 
range Pterocomma spp. on Salix, Populus. Lysiphlebus salicaphis: Europe, C. Asia, 
S. Korea, U.S.A. - N.Y., Ohio, Colo., Utah, California, Wash., Sask .iChattophorus 
spp. on Salix, Populus. Aphidtus sicartus : Germany, Czechoslovakia, Finland, 




Fig. 273. Faunisric complexes of parasites - Holarctic Forest Tundra. • Aphidius 
cingulatus, G Lysiphlcbus salicaphis, ■ Trioxys bctulae, + TV. eoinprcssieornis, 3 T. ibis. 


U.S.S.R. - Latvia, Siberia; Bctulaphis, Calaphis, on Bctula. Ephedras brevis: Br. Isles, 
Czechoslovakia, probably northern parts of N. America as well. Trioxys bctulae: 
C. Europe, N. Europe, Br. Isles, eastern N. America, Bctacalhs, Syuiydobius, Kal- 
listaphis, etc. on Bctula. Trioxys compressicoruis: C. and N. Europe, Br. Isles, Iceland, 
N. America; Eueeraphis spp. on Betula. Trioxys ibis: Br. Isles, eastern N. America, 
Be tu lap Jn’s sp. on Betula. Origin: The origin of this complex is probably m the post- 
glacial periods. It seems to be the youngest complex of parasites of any. Relations: 
Due to the taxonomic relations of the species of this complex it is connected with the 
European Deciduous Forest. Certain members of this complex were often to be 
found in deciduous forest habitats, but they also penetrate into the steppe and senu- 
desert zone (river-valleys). Similarly, they may be Found in corresponding com- 
munities of forest-tundra types in Europe and the Caucasus. 

-Boreal Europe (Fig. 274). Characteristics: It is typical for cooler climatic conditions. 
Because of its origin, it is probably closely connected with forest-tundra zone. Dis- 
tribution : It is restricted to the northern parts of Europe, separate species being dis- 
tributed in various degrees to the south in a similar way as m forest-tundra elements. 
Because of its transitional character, elements of this complex may be found, besides 
the forest-tundra, also in mountain and sub mountain forest undergrowth. Typical 
species: DiaereteUus ephippium: Br. Isles, Germany, Czechoslovakia, Sweden; Deco- 
rosiphon sp. on mosses. DiaereteUus Iteinzei : Czechoslovakia, Germany, Sweden; 
aphids on mosses. DiaereteUus maaocarpus: Germany, Czechoslovakia; Saltusaphidine 
aphids. DiaeretelUts palustris: Germany; Rhopalosiphum nymphaeae on secondary host 
plants. Praon ttecasis: Germany, Czechoslovakia; Rhopalosiphum nymphaeae on second- 
ary host plants. Origin: It is a very young complex, probably of post-glacial periods. 
Relations : It is closely associated with the forest tundra, being typical for peat bogs 
and allied habitats. It often occurs in the same places as members of the Forest- 
tundra faunisric complex. Nevertheless, due to the host range of different members 
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Fig. 274. Faumstic complexes of parasites - Boreal Europe. 3 Diacri U Hus ephippium, 
C D. Ininzci, £ D. macrocarpus, © D. paUistris. 

that are connected with aphids of low spread possibilities, it is believed its members 
were unable to spread to North America. 

- West Eurasian Coniferous Forest (Fig. 27$). Characteristics: It is typical for conif- 
erous and mixed forests of Europe. Distribution: Members of this complex arc dis- 
tributed almost all over Europe, from the north to the south, penetrating to the 
Mediterranean. Typical species: Metaphidius aterriinus ; Austria, Germany, Czecho- 
slovakia; Cinara spp. on conifers. Pauesia alpina : Italy (Alps); Cutara spp. — conifers. 
Pauesia cupressobti: Czechoslovakia; Cupressobium spp. — conifers (Juniperus). Pauesia 
goidanichi : Italy (north) ; Cupressobium spp. - conifers (Juniperus). Pauesia grossa : Aus- 
tria, Czechoslovakia; Todoiachnus spp. comfcrs. Pauesia j uni perorum: Czechoslovakia, 
Cupressobium spp. - conifers (Juniperus). Pauesia media: Italy (north) ; Cupressobium spp. 

— conifers (Juniperus). Pauesia inontana : Italy (north); Todoiachnus spp. — comfcrs. 
Pauesia piceaccolhs: Germany, Czechoslovakia, USSR-Lit huama; Cinara spp. - coni- 
fers. Pauesia picta : Germany, Sweden, Austria, Br. Isles, Bulgaria; Cinara spp. - coni- 
fers. Pauesia pimeoihs: Germany ; Cinara spp. — comfcrs. Pauesia rufiabdominahs : Italy, 
Cinara spp. - conifers. Pauesia silvestns: Italy, Czechoslovakia; Cinara spp. - conifers. 
Pauesia si mil is: Italy (north); Cutara spp. - conifers. The following two species are se- 
condary elements, being primarily members of deciduous forest type communities: 
Lysaphidus schitnilschekt: Germany; Liosomaphis abietwa — Abies. Praon bicotor: Gcr- 
many, Czechoslovakia; Protolaclmus spp. — comfcrs. Origin: It seems to be a derived 
complex, the Far Eastern coniferous forest being its source. Its formation had begun 
probably 111 the coniferous forests rcfugia in Europe during the Quaternary. Rcla- 
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Fig- 2 75- Faunistic complexes of parasites - Wcst-Eurasian Coniferous Forest. • 
Lysaphidus schiinitscluki, O MitaphiJuis aterrimus, & Praon bicolor, © Paiusia alpine, 
® P. cuprcssobii, $ P. goijanichi, © P. grossa, ( P. montana, © P. picta. 


tions: This complex has obvious and strong connections with the East Eurasian Co- 
niferous forest complex. Its northeastern limits arc unknown because of insufficient 
knowledge of taiga coniferous forest territories. The two species Lysaphidus scht- 
mitschcki and Praon bicolor are no doubt elements of deciduous forests that pene- 
trated into the coniferous forests and successfully adapted there. They infest either 
the hosts of similar origin (L. schimitscheki), or they attack the typical coniferous 
forests aphid species (P. bicolor). 

-East Eurasian Coniferous Forest (Fig. 276). Characteristics: It is typical for the Far 
Eastern type of coniferous forest. Distribution: It lias been primarily distributed all 
over coniferous forest belts in the Tertiary, the disjunction being of Quaternary 
origin. Some species of the complex are widely distributed in Europe, too, their 
areas of distribution being either disjuncted or they may be almost continuous but 
poorly known. Some species penetrate also into Africa (incidental introduction?). 
Typical species: Diaeretus leucopterus: Europe, Japan, S. Korea; Protolachnus spp. - 
conifers. Panesia abictis: Europe, Asia M., Japan; Cwara spp. ~ conifers. Pauesia in- 
fulata: Europe, Far East; Cinara, Buchneria, Cupressobimn spp. — conifers. Pauesia 
inotiyei : Far East ; Cinara spp. - conifers. Pauesia jezoensis : Europe, Far East , Cinara spp. 

— conifers. Pauesia konoi: Far East; Cinara spp. — conifers. Pauesia laricis: Europe, Far 
East; Cinara spp. - conifers. Pauesia momicola: Far East; Cinara spp. ~ conifers. Pauesia 
nopporemis : Far East ; Cinara spp. — conifers. Pauesia pmi : Europe, Far East ; Cinara spp. 

— conifers. Pauesia soranuntensis: Far East; Cwara spp. — conifers. Pauesia untlachni : 
Europe, Far East.Aethip. (Congo ex-Belge). Schizolachnus spp. - conifers. Origin: 
The origin of this complex is of Ternary age, m the coniferous forest belt. Relations : 
It is widely distributed and has also close connections with West Eurasian Coniferous 
Forest complex. 
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Fig. 276. Fauuistic complexes of parasites-East-Eurasian Coniferous Forest. ■ Diacretus 
hucoptcrus, H Patiala alii Its, 'A P. infulata, a i\ mouyei, k. P. honoi, B P- lands, m 
P. uopporom lists, 0 P. pirn*, [1 P. unilachni. 

- Norf/i American Coniferous Forest. Characteristics: It is typical for the coniferous 
forest of Ncarctic America. Distribution: Similarly as the other complexes, we have 
left all the Ncarctic complexes unclassified in a more detailed way as we had no 
opportunity either to stay and use our research methods in this area, or to examine 
sufficient material. Typical species: Pauesia bicolor : N.J. to Fla., Ohio, Wis.; Cinara 
spp. - conifers. Pauesia californica: Calif., S. Dak., Ohio, Brit. Columbia; Schizolach- 
nus spp. and allied genera - conifers. Pauesia gtlleCCei : Colo., La.; Cinara spp. — coni- 
fers. Pauesia juniperaphidts: Ohio, Colo., Idaho; Cinara spp. - conifers. Pauesia nigro- 
varia: Calif.; Cinara spp. - conifers. Pauesia ponierosac : Brit. Columbia; Cinara spp. 

- conifers. Pauesia prociphali : D.C., Va., N.C., Minn., Wash.; Cinara spp. - conifers 
Pauesia scorpinica: Va. Pauesia takomaensis'. Md., Va., Colo.; Cinara spp., conifers. 
Pauesia varigata: Colo.; Cinara spp. — conifers. Pauesia xanthothera: N.C., Va. ; Cinara 
spp. - conifers. Xenostigmus bifasciatus : N.C., Md., Fla., Utah, Nebr., Wash.; Cinara 
spp. -comfers. Origin: Because of the retreat and remigration possibilities of the 
Tertiary coniferous forest in the Quaternary, it seems that this coniferous forest com- 
plex has originated in the Tertiary. Relations: due to the generic composition of 
parasites and history of coniferous floras of the Holarctics, it is evolutionarily 
related to the East Eurasian complex, present relations being probably none. 

- European Deciduous Forest (Fig. 277). Characteristics: It is typical for the decid- 
uous forests of Europe. Distribution: All the species arc mostly restricted to Europe 
in distribution, some of them penetrating, however, to Asia Minot and rarely to 
C. Asia, folio wing the deciduous forest elements. Typical species: Aclitus obscuri- 
peimis: Germany, Czechoslovakia; Anoecia spp. and probably other root aphids. 
Aphidtus caraganae". Europe: Acyrthosiphon caraganae — Caragana. Aphidius hiera- 
ciorum: Europe, Nasonovia spp. Aphidius hortensis: Europe, Nea. (accid. intr.); 
Liosomapkis berberidis — Derbens. Aphidius lonuerae: Europe; Amphorophora, Macro- 
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Rg. 277 . Faunistic complexes of parasites - European Deciduous Forest. • Achtus 
obscuripcturis, C Aphidius her ten sis, 3 A. loniccrac, © A. rosac, Q A. setiger, 6 Arcopraon 
Icpcllcyi, © Dyscritulus planiceps, 3 Ephedrus ccrastcola, ® E. minor, ■ Lysiplilcbns 
ambiguus, E L. thclaxis, □ Monoctonus crepidis, B M. pscudoplalani, B Praon abjection, 
[1 Pr.favinode, E Pr. votucre, CS Protaphidius wissinawiii, B Toxarcs dcltigcr, ^ Trioxys 
angciicae, Tr. cirsii, <£> Tr.Jalcatus, Tr. pallidas, Tr. phyllapludis. 


siphum, etc. Aphidius megourae: Europe; A. tegoura viciae. Aphidius nigrescent: Europe; 
Aulacorthum spp. Aphidius ribis: Cryptomyzus spp. and rel. groups. Aphidius rosae: 
Europe, Nea. (aedd. introd.); Macrosiphum etc. Aphidius rubi: Europe; Macrosiphum, 
Ncctarosiphon. Aphidius setiger: Europe, Caucasus; Pcfiphylhis spp. Areopraon lepelleyi : 
Europe. Schizoneura spp. - galls. Dyscrituhis planiceps : Europe ; Drepanosiphum spp. 
- Acer. Ephedras cerasicola: Europe; Myzus cerasi - Prunus. Ephedrus minor: Europe; 
Myzaphidinc and Liosomaphidme apliids (Myzaphis, Cavarielia, Passerinia ). Lysi- 
phtebus ambiguus: Europe, Caucasus, C. Asia; Aphis, Brachycaudus, etc . Lysiphlebits dis~ 
solutus: Europe ; Anoecia spp. - roots. Lysipklebtis thelaxis: Europe (prob. south to C.) ; 
Thelaxes spp. ~ Quercus. Monoctonus august ivahus: Europe; Nasonovia spp. Monoc- 
tonus caricis : Europe; Metopolophium, Sitobiunt, etc. Monoctonus cerasi: Europe, leaf 
curling aphids (Aphis, Dysaphis, Myzus, etc.). Monoctonus crepidis: Europe, Canada 
(aedd. introd.); Nasonovia spp., etc. Monoctonus nervosus : Europe, C. Asia; Impatien- 
tinum spp. Monoctonus pseudoplatani: Europe; Drepanosiphum spp. Pauesia maculo- 
lachni: Europe: Maculolacfuius spp. — Rosa. Note; This is primarily a member of a 
coniferous forest. Praon abjection : Europe; Aphis spp. Praoit fiavinode: Europe. Arbo- 
ricolous callaphidid spedes. Praon grossum: Europe ; Amphorophora spp. Praon pubeseens 
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Fig. 278. Faunistic complexes of parasites- Far Eastern Deciduous Forest, it Achtussp., 
t> Aphidtus an olatus, (% A. sahgnac, 9 A. satins, 9 Ephedras laccrtosus, © E. pit sitae, O 
E. plagiator, © E. raliJns, ■ LystphUbia japomca, B L. ntgo'4, U Monoctonus smiths, 
CD M- woodmartiiae, Paralipsis cikoac, B Pauesta japomca ♦ Praon orun/ate, • Prota- 
phidius Hawaii, Toxans shtgai,-^ Trioxys lulcolus, ^ TV. oruntalis. 

Europe, Nasonovta spp. Praon rosaecola: Europe; Macrosiphuni rosac - Rosa spp. 
Praon silvestre : Europe; Pertphyllus spp. -Acer. Praon volucre: Europe, Asia M., 
Caucasus, C. Asu; Acyrthosiphon, Brachycaudus, Hyalopterus, Hyperomyzus, Macro- 
siphon, Myzus, Sitobiunt, etc. Protaphdius wissmannii: Europe, Stomaphis spp. Note: 
This is primarily a member of coniferous forest. Toxarcs deltiger-. Europe; Forest 
inhabiting aphids [Acyrthosiphon, etc.). Trioxys angel icae: Europe, Asia M. ; Apludinc 
aphids, etc. Trioxys heraclei: Europe, Cavartella spp. etc. Trioxys letifer : Europe; 
Cavarielta sp. Trioxys ctrsii' Europe; Drepanosiphuni spp. Trioxys fakatus : Europe, 
Caucasus; Pertphyllus spp. Trioxys hortorum: Europe; Tmocalhs spp. Tnoxys palltdus: 
Europe, C. Asia, Callaphidid arboricolous species. Trioxys phyllaphidts: Europe, 
Phyllaphis sp. Origin: The origin of this complex is clearly in the Tertiary deciduous 
forest belt. The separation and further development of this complex has been due to 
the influence of the Quaternary. Relations: Strong connections with the Far Eastern 
Deciduous forest still occur, being recognizable from the occurrence of their identi- 
cal species, or of systematically vicanant species. Some species penetrate to the north 
(holarctic forest tundra). 

-Far Eastern Deciduous Forest (Fig. 278). Characteristics: It is typical of the Far 
Eastern Deciduous forest type. Distribution*. It is distributed in the Far East, pene- 
trating to the allied tropics, or on the other hand, some elements have a wide trans- 
palearctic distribution, following the deciduous forest elements, their areas being 
cither disjunctive or almost continuous. Typical species: Achtus sp. (shiga, in Iitt.): 
Far East , Sappaphis spp. - roots. Aphidtus areolatus: Far East; Pertphyllus spp. - Acer. 
Aphtdius gr. gtfuensts: Far East, Macrostphum, Myzus, Acyrthosiphon, etc. Aphidtus 
salignae: Far East; Tuherolacluius saltgnus - Salix. Aphidtus sahas : Europe, Far East, 
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Cavariclla spp. etc. Eplicdrus laccrtosus: Europe, Far East; Macrosiphum, Myzus t 
Ncctarosiphum, Rhopalosiphonmus. Eplicdrus persieae: Europe, C. Asia, Asia M., Far 
East, Nea., Australia; Anuraphidinc, Myzinc, Aphidine aphids, etc. (galls, leaf- 
curling namely). Eplicdrus plagtaton Europe, Far East; Aphidine, Myzinc aplu'ds 
(mostly leaf-curling). Eplicdrus validus : Europe, Far East; Eriosomatinc apliids. 
Lysipltkbia japonica ; Far East. Aphidine aphids, etc. Lysiphkbia rugosa: Far East; 
Aphidine aphids. Monoctonus similis: Far East; Myzus sp. Mouoctomis watanabei: Far 
Hast; Mansakia shirabae - Bctula. Mouoctomis woodwardiae: Far East; Myzus sp. Para - 
lipsis cilioac: Far East; Host range unknown. Paucsia japonica : Far East; Lachnus 
tropicalis - Quercus, Castanca. Tliis is primarily a member of a coniferous forest 
complex. Paucsia tropicalis: Far East; Lachnus sp. - Ficus. Note: Member of a coni- 
ferous complex. Praon gtabrum: Far East; Eticcraphis spp. - Bctula. Praon oricntalc: 
Far East; Myzinc etc. aphids [Macrosiphum, Aphis, Acyrthosiphon). Protaphidius 
nawaii: Far East; Stouiaphis spp. Note: Primarily a member of a coniferous forest 
complex. Toxares shigai: Far East; Host specificity unknown. Trioxys brunncscens : 
Far East; Acyrthosiphon spp. Trioxys cariuatus: Far East; Macrosiphum spp. Trioxys 
luteolus: Far East; Shivaphis, etc. -Acer. Trioxys oricntalis: Far East; Macrosiphum 
spp. Origin: The origin of this complex is of Tertiary period. Relations: It has 
strong relations to its derivate — European Deciduous Forest complex; a number of 
vicariant or identical species occur. 

- Mediterranean. (Fig. 279). Characteristics: It is typical of the forest-steppe areas of 
the Mediterranean. Distribution: It is restricted to the xerothennic type of the 
Mediterranean climate, penetrating partly into Europe and eastward to C. Asian 
steppes and semi-deserts following the type of climate and corresponding flora. 
Typical species: Aphidius transcaspievs : S. Europe, Asia M., C. Asia; Hyaloptcrus, 
Longiunguis. Monoctonia pistaciaccola: C. Europe, S. Italy, Crimea - USSR, C. Asia - 
USSR; Forda spp. - Pistacia, Pemphigus spp. - Populus (galls). Origin: The complex 
seems to have originated in the Tertiary. Relations: It seems to be an isolated com- 
plex. 

- North American Deciduous forest. Characteristics: Typical of deciduous forest zone 
of Nearctic America. Distribution: No more detailed research has been made (sec 
above). It penetrates probably into other Nearctic zones as in the case of the European 
Forest complex Typical species: Praou neguudinis ; Iowa, Colo. - Pcriphyllus spp. 
Trios jij rcmctaceris: Ohio, Md., Fla; Drepauaphis spp. Note: Only two spedes have 
been mentioned, the complex being believed to be much more numerous. Origin: 
Because of the history of the dedduous forest belt, it seems there are some ancient 
original connections with the Far Eastern dedduous forest type. Some spedes might 
be systematical or ecological vicariants. Further research is necessary. Relations : The 
present relations are unknown, 

-Eurasian Steppes. (Fig. 2S0). Characteristics: It is a very typical complex of the 
Eurasian steppe type areas. Distribution: It is widely distributed, following the 
steppe zone of Eurasia. Nevertheless, due to the cultivation of forest and originating 
of the so called cultivated steppe landscape, it has penetrated almost all over the low- 
land and submountain parts of Europe. Further, it has spread east- and southward to 
the semi-desert zone, some spedes reaching the Far East. Typical species: Aphidius 
absinthii: Europe, C. Asia, Far East; Macrosiphomella spp. Aphidius avenae : Europe, 
Far East; Sitobium spp. Aphidius ervi: Pal., Nea., Orient, Acyrthosiphon spp., Micro- 
lophium. Aphidius funebris: Europe, N. Africa; Dactynotus spp. Aphidius matricariae: 
Pal., Nea., etc.; Aphidine, Myzine, etc. aphids. Aphidius mirotarsi : Europe; Miro- 
tarsus spp. Aphidius pascuorum: Europe; Sitobium, Metopolophium, etc. -grasses. Aphi - 
dins phalangomyzi: Europe; Phalangomyzus spp. Aphidius picipes: Europe, Myzine 
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Fie- S79. Faunistic complexes of parasites - Mediterranean. • AMtuiMUWplal. 0 
Ditto, introduced, © Mmoclonia pimuwcclj. 



Fig. 280. Faunistic complexes of Daraum c. - .. 

A. avenae, □ A. etvi, n A funrh • ~ , urasian Steppes. ■ Aphtdius absmthu, 

Lysiphlebus fabarum, S> Pardtpsu enlrvu ^* h £ rus cam P“‘™, ♦ Lipotexis gracths, 

Tr. pannonicus. - Central Asia n«<r f . ~ Pra °n exolctum, © Trioxys acalephae, 

c * w Trioxys astaticus, | Lysiphlebus desertorum. 
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aphids. Aphidius somhi: Europe: Hyperomyzus spp. Aphidius tanacctariiis: Europe; 
Afctopcimmi spp. - Tanacctum. Ephedrus campestris: Europe, Far East; Macrosipho- 
niella, Dactynotus, Megoura. Ephedrus nachcri: Europe; Cryptosiplttini, Hayhurstia (Icaf- 
curling, galls). Lipolcxis gracilis: Europe, Far East; Aphis, Brachyeaudits, Mya'nc 
aphids, etc. Lysaphidus ari'cnsis : Europe; Coloradoa spp. Lysaphidus erysimi: Europe; 
Lipaphis, PscuJobrci'icorync. Lysiphlcbus arvicola: Europe, C. Asia; Sipha spp. Lysi- 
phlebus fabarum : Europe, Asia M., Caucasus, C. Asia; Aphis, Brachycaudus, etc. Lysi- 
phlebiis fritzmucllcri: Europe, Siberu; Aphis craccae. Lysiphlcbus hirticomis : Europe; 
Metopeunutt spp. - Tanacctum. Lysiphlebus mclandriicola: Europe; Brachycaudus spp. 
-Mclandriuin. Paralipsis cncrvis: Europe; Root aplu’ds. Praon absinthii : Europe; 
Macrosiphoniclla, Titanosiphon. Praon dorsale: Europe, C. Asia; Dactynotus, Ac)i t ho- 
st phon. Praon rxolctuin: Europe, N, Africa, Asia M„ C. Asia, Nca. (introduced); 
Therioaphis spp. Trioxys aealephae : Europe, Far East; Aphis spp. Trioxys brcviconiis: 
Europe; CavarieJIa, Hyadaphis, Stacgcriclla, etc. Trioxys ccntaurcae: Europe; Dacty- 
notus, Macrosiphoniella. Trioxys coinplanatus: S. Europe, Asia M., N. Africa, C. Asia, 
Nca. (unreduced); Therioaphis spp. Trioxys gcnistac: Europe; Aphis genistae. Trioxys 
glabcr : Europe; Aphis gallii-scabri. Trioxys pannonicus: Europe, Canary Isl.; Titano- 
siphou. Trioxys parauctus: Europe; Hyadaphis spp. - Galium. Trioxys spinosus : Europe; 
Semiaphis. Origin : The phylogenetic origin of this complex, because of the parasite 
group phylogeny, is in deciduous forest type liabitats, the present differentiation 
being, however, very obvious. Relations: It is a typical complex, connected with 
the steppe type of habitats. It lias certain relations with its denvato — Central Asian 
deserts. The present position of this complex is isolated. 

- North America Steppes (prairies). Characteristics : It is typical of steppe type areas of 
Ncarcric America. Distribution: Widely distributed in the Ncarctic America, pene- 
trating into various landscapes, due to cultivation namely. No further research has 
been made (see above). Typical species: Acaiithocaudus caudacanthus : Wis., Fla.; 
Dactynotus spp. Acanthocaudus schlingeri: Brit. Columbia, Calif.; Dactynotus spp. 
Acanihocaudns lissoti; Fla.: Darfy/iotus spp. Aphidius avenaphis: Out., to S.C. west to 
Ind., Calif.; Myzus, Sitobium, Rhopalosiphum. Aphidius confusus: Calif., Ariz; Dacty- 
notus spp. Aphidius foridaensis: Fla., Tex.; Dactynotus spp. Aphidius ttigripes: Ohio, 
N.J., Del., Maine, N.C., Mich., Kans., Minn., Calif., Brit. Columbia. Aphidius 
obscuripcs: Ont., to N.C. west to Iowa, Colo., Oreg.; Sitobium, Acyrthosiphon, 
Rhopalosiphum. Aphidius ohioensis: Ohio, Tenn., Ark., Ariz., Maine, N.B., Calif., 
Kans. ; Macrosiphum, Dactynotus. Aphidius pisivorus: Wash., Oreg., Idaho, Utah, Nev., 
Ohio, D.C., Va.; Acyrthosiphon. Aphidius polygonaphis: Quc. to Fla. and Da., west 
to Wis., and Kans., Utah, N.B., Dactynotus spp. Ephedrus caltfomicus: Utah, Idaho, 
Oreg., Ariz., Cali£, B.C.; Acyrthosiphon, Macrosiphum, Rhopalosiphum, Dactynotus. 
Ephedrus incompletus: N.B. to Fla., west to Kans.; Macrosiphum, Dactynotus, Micro- 
parsns. Lysaphidus adelocarinus: Utah, Idaho, N.B.; Capitophorus, Pseudepamcibaphis. 
Lysaphidus ramithyrus: Utah; Capitophorus spp. Lysaphidus rosaphidis: N.J., N.C., 
Ohio; Capitophorus spp. Lysiphlebus flavidus: Ohio, Nebr., Colo.. Aphis spp. Lysi- 
pJifriuis /nscuorms: Ont., Conn,, Term., S. Dak., Idaho, Calif; Aphis spp. Lysiphlebus 
/.•wii’/foiii: Utah, Idaho, Oregon; Aphis, Microsiphum, Myzus. Lysiphlebus testaccipes: 
All U.S., Mexico, West Indies, S. America, Hawaii (introd.) , Aphis, Myzus, Toxop- 
tera, Schizaphis, Macrosiphum, Sitobium, etc. ^lonoctonus paulcnsis: Alaska, Oreg., 
Calif.; Acyrthosiphon. Praon aguti: Ont. to Va., and Ohio, Mass. Macrosiphum, 
Acyrthosiphon. Praon artetnisaphis: Utah, Wash., Macrosiphum. Praon cccidentalis : Ont., 
Nev., Oreg., Calif., Idaho,; Acyrthosiphon, Macrosiphum. Praon sintulans : S. Canada 
and north U.S., Marne; Acyrthosiphon, Afdcrorip/ium. Praon utiicus: Wash., Colo. 
Calif.; Macrosiphum, Phorodon, Dactynotus. Praon virginiensis: Va., Ohio, N.Y.; 
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Fig. 281. Faunistic complexes of parasites - Malaysian. ■ Arcliaphidus grttiuJuw, ft 
Lipokxis oregmae, B Lipolcxis stutcllaris, • Dioxys j.wonicus, H Paticsid tropicahs, C 
Trioxys confuaus, O Tr.sintnsis, © Tr. struma. 


Macrosiphum. Tnoxys botmcvtllnisis : Idaho, Utah; Captiophorus, Pstudepametbaphis 
Tnoxys coruscanigraits : Colo., Utah, Idaho; Macrosiphum spp. Origin: The principles 
of origin will be probably similar as in the Eurasian Steppes type complex, although 
the Ncarctic steppes arc much older than those ofEurasia. Some ecological vicariants 
may occur. Relations: It docs not seem to have ccrtam relations to other complexes, 
except, may be, the presumed Ncarctic Deserts complex. 

~? e “ tra ! Deserts C%- 280). Characteristics : Typical of the semi-desert areas 
ot C. Asia. Distribution : Distributed mainly in scmwlcscrt and desert areas of C. 
Asia, penetrating either to Asia Minor or to the Far East. Typical species: Lystphkbus 
desertorum : C. Asia , Cryptosiphunt Artemisia. Trioxys asiattcus : C. Asia, Asia M., Far 
East; Acyrthosiphongossypti. Note: Further research of this complex is necessary, it is 
believed to be more numerous Origin: It is probably a denvate of the steppe fauna. 
Rdations: Taxonomic criteria show the relationship to thcEurasian Steppes complex. 
-Ma}aysia,,(Ftg 281) Characteristics: It is typical of the tropical forest of Malays.a 
(at least of the Far Eastern districts). Distribution: It is distributed widely in the Far 
East, in the tropical rain forest districts, its wider distribution is but poorly known. 
Typical species: Archaphidus greenideae : Far East (Taiwan), greemdea spp, -Ficus. 
bpolexts oregmae : Philippines , Oregma lamgera. Ltpolexts scute lions : Far East (S. China, 
Taiwan) , Aphis spp. - Cnna. Btoxys japonicus : Far East; Calhpterinc aphids-Ficus. 
Trtoxysconfuctusc Far ^ China, Taiwan), green, dca spp. - Ficus. Trioxys smensts: 
miw?nV S M Chma ’ W ' ^ ak,S * an ) ; Toxoptera sp. - Citrus. Trioxys struma: Far East 
}‘A M T Ura ? ^ FlCUS ’ ° n 8 m: h seems to represent a denvate of the 
Ternary deciduous forest. Tile separation is either of Tertiary or Quaternary age. 
Relations: It has certain affinities to the Far Eastern Deciduous Forest complex. 
Otherwise at least a part of it seems to be an isolated group, being parasites of Green- 
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idcid aphids. Note: This complex includes apparently several complexes, which will 
be distinguished after more material is available. 

- Neotropical. Characteristics: The complex may be classified for the time being as 
typical of certain parts of the neotropical America. Its further relations, taxonomic 
affinities, etc. arc still unknown. Typical species: Lysaphidtis platcusis: Argentina, 
Tucuman, etc.; Toxoptcra, Aphis, Rliopalosipliuni, Bra'icoryne etc. Note: This is also 
a preliminary classification. 

- Sulmtarctic Forest. Characteristics : For the time being this complex is indicated by 
the occurrence of its probable elements — parasites of certain primitive Callipterinc 
apliids — Pseudephednts ncotropicahs, in Cuban Tropical Cloud forest. This complex is 
believed to occur mainly m the mountainous parts of the south of Neotropical 
America, its elements penetrating to the north (mountain zone). Typical species: 
Pscudcphcdrus neotropicalis : Cuba (and probably all the mount, parts of S. America); 
Nwliacrinr spp. 

- INFLUENCE of c i.o Loci cal. periods. Owing to dose connection of the parasite 
distribution with different floras and aphid fauna, it is clear the influence of geological 
periods on the fauna of parasites lias a similar influence, although the results arc 
spccifical for the parasite group itself. 

Judging from the fossils, recent distribution and host specificity of the Aphidiidac, 
it seems that in the Tertiary the most numerous and common were the aphid 
parasites occurring in coniferous and deciduous forest types. 

The Quaternary has deeply influenced also the parasite fauna. The separation of the 
primarily more or less continuous zonal belts of floras caused the separation of the 
parasite faunas, the separate parts being under different influences of climate, etc. 
During this period, the original faunas of coniferous and deciduous forests werf 
partly suppressed, partly retreated to rcfugia, following the floras. The end of the 
Tertiary and the Quaternary (interglacial) also influenced and caused the origin o 
steppes and the corresponding adaptation of floras and faunas to the newcnvironment- 
The contemporary state of research of the aphidrid fauna allows us to suggest the 
following about the recent parasite fauna m accordance with the influence of geolog- 
ical periods: 

1. Coniferous and deciduous forest faunas were suppressed in the Quaternary. 

2. Deciduous forest fauna gave origin to the steppe fauna. 

3. Steppe fauna is younger, representing the most progressive direction of parasite 
development. This is rather important for biological control of agriculture pests. 

4. Certain parasite groups adapted to cooler conditions and invaded the forest- 
tundra zone and related zones. 

5. The coniferous and deciduous forest faunas have been also in a period of conva- 
lescence and further progress. 

- the continents. Although the separate faunistic complexes are basically zonal in 
distribution, it is useful for biological control purposes to list the established com- 
plexes in separate continents; 

Eurasia: Holarctic Forest Tundra, European Boreal, West Eurasian Coniferous 
Forest, East Eurasian Coniferous Forest, European Deciduous Forest, Far Eastern 
Deciduous Forest, Eurasian Steppes, Mediterranean, Central Asian Deserts, Malay- 
sian, introduced spp. (accidentally, biol. control). 

Africa: Mediterranean (elements), European Deciduous Forest (elements), further 
presumed faunistic complexes, introduced spp. (accidentally). 

Australia: Parasite fauna almost unknown. Introduced spp. (accidentally, biol. 
control). 

North America: Holarctic Forest Tundra, North American Coniferous Forest, 



North American Deciduous Forest, North American Steppes (prairies), presumed 
complexes, introduced species (accidentally, biol. control). 

South America: Neotropical, Subantarctic Forest, North American Steppes (ele- 
ments), presumed complexes, introduced species (accidentally). 

Ant arctics : Parasite fauna unknown. 

- mutual connections. The mutual connections among the separate ancient com- 
plexes in the past may be recognized when evaluating the influence of the three mam 
factors: (i) The zones of floras were primarily more or less continuous, (2) Separation 
of continents, (3) Influence of the Quaternary. When this historical aspect, the details 
of which have been dealt with above, is used, the coimcctions of the derived types 
with their original complexes arc distinct. 

Deciduous Forest of the Tertiary: Far Eastern Deciduous Forest, European Decid- 
uous Forest, North American Deciduous Forest. 

Coniferous Forest of Tertiary type: East Eurasian, West Eurasian, North American 
Coniferous Forests. 

Further differentiation developed in the separate regions mostly independently, the 
original connection remaining clear. The steppe fauna developed probably indepen- 
dently. A peculiar position has the Quaternary circumpolar forest tundra complex. 
It is a very > oung complex, and due to the homogeneity of circu mpolar floras it spread 
almost all over these liabitats, although it seems to be Palearctic (European) in origin. 

The two main ancient original complexes, coniferous and deciduous forests, have 
a great influence on the relations among different faunistic complexes of today. 

Principally, both coniferous and deciduous forest types represent, as to their aphid 
and parasite fauna, strongly different and isolated types. Also in ease of a mixed 
forest, the fauna is strictly dependent on either coniferous or deciduous trees. Never- 
theless, there arc certain though few mutual relations, all being clearly of secondary 
character. 

^ The coniferous forest complex has the following elements spread m the deciduous 


Pauesiamaculolackui: The lachnid host aphid (Maculolachmis submacula) occurs on 
Kosa and it is a lachnid species secondarily adapted to deciduous shrubs. Similarly, 
the parasite is a member of the genus that occurs almost exclusively in coniferous 
forest habitats. 

Other eases of this type might be mentioned, from other areas, to o—Pauesta 
tropicahs in the Far East, etc. 


ftvttpMntf spp.: The parasites arc dearly related to the parasttes of Onartnc 
aphtds occurring in coniferous forests (Patttsia). Btcause of the secondary adaptations 
of the Sro.nnpliii-aphid, to deciduous forest conditions, the parasites occur in the 
deciduous forest, too. r 

in.o"ht C „Xouifotes C .? d " 0 “ ! " mpl “ h “ d “’““ ^ 

Pram b, talar: ]t„ a member of the genus that is connected with the Lachnidae only 
except, onally. occumng mostly » deciduous fores, and steppe to semi-Jesett habt- 
tats. The puastte mentioned ,, the only specie, occurring in a coniferous forest, being 
patastte of the lachmd ft«»lat/,„„,, which b , typlcJ c “ nlfeous fo „. st aphid species, 

is Sit! “ ■' 1 of Uasamaphi, (ElataUrm) abiaina. The aphid 
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habitats. This is, no doubt, due to the strict specialization of the aphids to coniferous 
trees, and of die parasites to these aphids. Similarly, because of the zonation of forests, 
coniferous forests (taiga) have usually no direct connections or transitional zone with 
the steppe zone, like “coniferous forest-steppe zone”. 

The deciduous forest, on the contrary. Jus rather strong connections with the 
steppe. Transitional zone— forest-steppe— occurs. A number of deciduous forest ele- 
ments penetrated into not only the transitional zone, but occur in various places of 
the steppe landscape. 

This has a corresponding influence on the fauna of parasites. A number of dioecious 
aphids occur on the edges of forests on primary host plants and migrate from there to 
the secondary host plants in the steppe. In this way, they conic directly into contact 
with the deciduous forest fauna. Because of such features, we might subdivide the 
deciduous forest parasite fauna into deciduous forest fauna s. str. which is typical of 
the deciduous forest and its true habitats, infesting the typical deciduous forest aphids, 
too; furthermore, the parasites that occur mostly in the deciduous forest transitional 
zone arc typical of the edges of deciduous forests, forest steppe, etc. The latter group 
may penetrate to a certain degree to the steppe. All this is also conditioned by zon- 
ation, temperature and humidity conditions. 

Similar relations and connections exist between the steppe and semi-desert, or 
desert fauna. 

-Eurasia ami iVort/l America. During long geological periods the two continents 
were separated by the sea and separate faunas developed. Some connections which 
were not few, the last of them covering the district of the Bering Sea, occurred. The 
last one mentioned was very }oung from the geological viewpoint — m the late 
post-glacial periods — and exchange of faunas followed. We may summarize the 
relations of Palcarcric and Ncarctic regions that because of the formation offaunas of 
different sources, the distinctness is primary and the similarity is secondary. Both 
Eurasia and N. America are coiuicctcd with various regions, the elements of which 
often penetrated far to their border areas. The principal landscapes are rather hetero- 
geneous. The original zonation is similar, but the belts were later modified due to the 
influence of geological periods. Today’s centers of deciduous forests — W. Europe, Far 
East and south-eastern parts of the Ncarctics — arc widely separated today, Eurasian 
steppes are entirely separated from the N. American steppes and deserts. Besides, the 
mountain ranges have a different direction, introducing the elements of inter-zona - 
tion to the original belt zonation. 

In accordance with our studies oil the aphidud parasites, we may stress lindroth’s 
(*957) conclusions: “With land forms the proportion of identical species falls rapidly 
with decreasing latitude, where the width of the Atlantic Seas is greater and where 
the important Bering Strait land bridge becomes less effective”. If we summarize the 
connections between different belts of Palcarctics and Ncarctics and corresponding 
faurustic complexes, the following results may be obtained: 

Holarctic Forest Tundra complex is identical. It is the only complex that shows the 
distinct connection betw een the Palcarcric and Ncarctic aphidrid fauna. Because of its 
exclusive position in this complex, n will be dealt with here in more detail: The 
zoogeographic position of the two maun members of this complex is evaluated to 
show’ the development of relations between the Palearcric and Nearctic Forest- 
Tundra complexes. Aphidius cingulatus is stnctly specialized to the Pcerocommatine 
aphids. Because of this close specificity we may derive some conclusions from this 
relation: The Pterocommarine aphids are mainly associated with willows (Salix), to 
a lesser degree with poplars (Populus), this being of secondary character. They are 
distributed in the Holarcrics, although the distribution of their host plants is much 
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wider. From the 6 genera known 2 occur m the western parts of the Palcarctic region, 
2 in the Nearctics and 2 are common for both the regions. Three centers of origin of 
the Pterocommatinae, the Ncarctic, the West Palcarctic, and East Palcarctic, may be 
recognized. The Nearctic and West Palcarctic show a great relationship — vicariants 
often occur, being an indicator of their original homogeneity. If the development of 
various groups of willows is taken into consideration (szeixgiewicz, 1965), it seems 
that this aphid group evolved in the western part of their Eocene distribution area. 
This area was at that time occupied by Arcto-tertiary flora (Alaska, Canada, Green- 
land, N. Europe, over 57 0 north lat.). Owing to the climate becoming cooler, they 
retreated to the south, and after the disappearance of the land bridge between N. Ame- 
rica and Europe they evolved m vicarious forms and genera. As to their distribution 
in East Asia, they reached it cither earlier from N. America, or later from Europe 
(g c °g r - races). In the Quaternary, the extremely variable Pleistocene climate stimu- 
lated a new wave of evolutionary processes among the willows. While no trace of 
parallel evolution of the Pterocommatinae with Salicaceac may be recognized in the 
Tertiary, a certain convergence may be noted in the Quaternary because of the 
appearance and development of certain aphids, too. When evaluating the recent 
distribution of the Pterocommatinae it is obvious that they arc connected to temper- 
ate and wc may say to cool parts, of the Holarctics. This corresponds, in our opinion, 
to the general trend of their evolution. Many species might be characterized as just 
examples of the forest-tundra (N. Europe, Iceland, Greenland, etc.). In spite of their 
recent distribution, the Palcarctic and Ncarctic species arc mostly different. As 
mentioned above, A. ringulatns is a strictly specialized parasite of the Pterocomnu- 
tinac. Because of its distribution, it is obvious that it was originally a European ele- 
ment, which spread after the Quaternary to N. Europe - Iceland - Greenland to 
, V - * 1 11 l i Y idcly d “ tnbutcd today. Similarly as its hosts, it is distributed 

0 K ^kjman in the Palcarctic region, but being unknown in the Far East, although 
the aphidnd fauna of this district is comparatively well known. This shows that the 
origin o t c parasite was probably somewhere in the western parts of Eurasia. 

yp 1 c Hi sa trap ns. This is a parasite of Chaitophorus spp. and allied genera. In our 
opinion the Chaitophorid aphids may be also classified as an aphid group well 
TliFr" ° V C C °°J *" ^ n3tC ’ *^ Cir s P rca d to the forest tundra habitats being typical. 
The route of sprcad-Europc - Iceland - Greenland - N. Amcnca-is the same as m 

1 A P r nr i y mcnt,oncd S P CC1 «- But it is known from the Far East (probably via 
C.Asia, or circumpolar in distribution). 

„ Z7 bc 1 r nc ' vlm J,ir " cnt not jctclcar.lt 

a Lachnid aphid, associated with willows. 
Dcod„rX™ CO ! ,hc ” Xt be a member of the 

, c ” Xi T P ' ’' ,h °"o gh “ 111 Cahforma as well (sra.f « 

- Ucrin5 -* - miehI 

forXtSa^X'h" J |C C r pl " “ con "“ Kd with the similar habitats to the 
mavS dasstfiedr, ; ‘ ‘‘T'T”' m E “°P= ‘bows it. post-glacul character. I. 

ha. not been able to sprX'rtic HoS “ P “ t ‘ E ! aciaI m ““S’"- but a P parcn,ly 

European Deciduous Forest fa uni X- 1 , , , 

Nearctics. Few soccici lias ^ 1 c i 5 om P^ cx has no connections with the 

specie, lute penetra.ed a, far a. Iceland, following ,he forest-lundra 



communities, in which they also occur in Europe (Ephedrtts plagiator, Praon volucre). 

The following species were introduced from Eurasia into N. America. They are 
today often common members of Ncarctic communities, being, however, of west 
Eurasian origin and their introduction is quite recent: A. Accidentally introduced: 
Aphidius hortciisis, A. matrieariac, A. ribis, A. tasac, Ephedrus pcrsicae. B. Biological 
control introductions: Praon cxofetmn, Trioxys roiispfaiiafiis, Tr. palfidiis, Aphidius 
matrieariac and others (see: Biological control). 

-Europe and Far East. This relation has been dealt with above in some detail and 
only the main connections arc mentioned here. The Far East fauna deeply influenced 
both the coniferous and deciduous forest fauna of Europe, being the original fauna 
from which the European complexes arc derived. On the contrary, elements of the 
Eurasian steppes and C. Asian deserts arc primary, penetrating into the Far East. 

- Europe, Far East, Meant ie America. A comparative list of the genera of the 
Aphidiidac shows the principal features of the fauna of these regions. We may 
conclude that the Far Eastern fauna is the most ancient and no doubt original, having 
the influence and connections with the European fauna and other Eurasian fauna. 
The Ncarctic America mostly shows only very ancient affinities to the Eurasian 
fauna. On the other hand, the affinities may be found to be very young, being 
common in the circumpolar forest-tundra zone. 

- parasites. The main trend of evolution of aphids and their aphidiid parasites was 
identical, as has been mentioned in the phylogeny chapter. Both groups, however, 
have their own phylogcnctical features. There is no doubt of the faunistic complexes 
existence in the aphid fauna, which will have certain typical features, similar to those 
of the parasite complexes (zonal distribution, connections with separate floras, etc.). 
Because of the host - parasite rclationslup development (see: Fiost specificity) the old 
groups of hosts may be attacked either by old species of parasites, or by the young 
and widely specialized species. Tlus is true both with regard to aphids and their 
parasites, where host - parasite phylogenetic parallelism may be found m a com- 
paratively low number of cases only. Thus, although faunisuc complexes may be 
recognized both in the fauna of hosts and parasites, they possess certain specific 
features in accordance with the development of both the groups; the host - parasite 
phylogcnetical parallelism rule cannot be generally applied here although it may be 
true for some cases of specialized parasites. 

- cultivated landscape. The relation of the cultivated landscape and the faunistic 
complexes of parasites is of basic significance for the biological control of aphids. 

According to our studies, the cultivated landscapes include on the one hand typical 
cultivated elements (crops), on the other hand, there are always included some remains 
of the original landscape or communities which are deeply influenced by cultiva- 
tion. Apparently, the parasites adapted themselves to a certain degree to the partly 
cultivated landscape as many species may be found today commonly occurring in 
crop growing areas. 

In European orchards, which have many features of forest-type habitats, there oc- 
cur species of the European Deciduous Forest faunistic complex. Similarly, the field 
crops are often inhabited by the Eurasian Steppes faunistic complex, which covers 
also the waste places, rudcrals, and similar places that developed due to the cultivation. 

Similar parasite complexes and cultivated lands dependence have been observed in 
other visited countries too (C. Asia, Caucasus, Cuba), so that the feature mentioned 
seems to be true in a general way. Therefore, the cultivated landscape cannot be 
separated, moreover, it has many close connections with the original uncultivated 
areas, the faunisuc complexes of parasites responding in a similar way. 

It is necessary to stress, in addition, that the cultivated steppe may be classified as a 
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kind of steppe type district. As has been mentioned, the steppe zone is just the zone 
of most extensive aphid and parasite development. The growing of various crops, 
monocultures, has created simultaneously favourable conditions for the occurrence 
of various pest aphids and their parasites. 

- car ENHOUSE5. The aphids occurring in greenhouses in the temperate zone arc of 
two groups: The first group includes aphid species of tropical and subtropical origin, 
which have been distributed in the greenhouses by man’s activity when transferrmg 
or introducing plants, nevertheless, they arc restricted to the heated greenhouse 
conditions; they arc unable to overwinter in the open occurring there possibly only 
during the summer period. The second group of aphids covers the indigenous 
aphids that invaded the greenhouse either accidentally or were introduced there 
with plants; they may or may not overwinter in the greenhouse. 

We know no records, either literary or of our own, tliat tropical aphidiid parasites 
would also be introduced in temperate zone greenhouses; the parasite fauna of 
greenhouses, therefore, consists of the indigenous parasites of the neighbourhood of 
the greenhouse, the species penetrating into the greenhouse and parasitizing the 
aphids living inside, if the latter were found suitable although they arc tropical in 
ongin. The indigenous aphid species occurring in a greenhouse were found and 
probably arc generally parasitized by the indigenous parasites m the same way as in 
the open in ease a parasite species invades the greenhouse. There is only one ease 
known, that of AphiJiut nuuncariae-itnin in California, where the parasite strain had 
apparently been introduced into California greenhouses, but it failed to establish in 
the open (see SClILINCtft fc MACKAUUt, 1963). 

- T1ILOUY and praxis. The division of the aphidnd parasite fauna has been based on 
several ) cars research of the taxonomy of the group as well as on ecological studies. 
On such a basis, literature records being used as well, the comparison of the fauna of 
separate continents was made with respect to hosts and host specificity influencing 
factors. As a result, we have found that one aphid species is often attacked by different 
parasite species m various parts of the world. The research of such sources has shown 
tliat there arc apparently several centers of origin recognizable in the world fauna of 
parasites. As we had a good knowledge of European fauna, the results of seme of our 
research tnps to oilier countries being at liand as well, we started further research 
work on the geographical distribution of separate species with respect to the ascer- 
tained habitat dependence and other host specificity influencing factors. We have 
ascertained that the parasites arc attached to certain flonstic zones, and then it was 
easy to apply this feature on the development of floras, resulting in the understanding 
of basic records on parasite distribution— the main faunntic complexes of parasites 
luve been established. 


1 T mr fafC * t,IC ,Ulural co,,dmom to be the best proof of our theory, showing 

Hie diner cnee in parasite composition of the same or closely related hosts in various 
parts of their distribution area. 

The research of Californian authors when searching for various parasites in a 
subtropical belt m the zones allied ,0 Californian conditions, seems to be simulta- 
neously an incidental proof of our research results as vs ell. as the climatic belts most!) 
rqnrscnt areas of certain peculiar floras, . c. the search for parasites in the same 
climatic zone means also that the parasites nu> be restricted in distribution »» 
dependence on the climate. As the < l, nut ic belt was found to exhibit certain features, 
t urre was apparent > another reason — although cliinaticalK apparently dependent — 
t lut the parasites were JuTcrcm m dirFctent pans of the given subtropic belt. Front 
t.ns v icw point. «•*’. *he dependence of parasites on florist ic zones lus been ascertained, 
or better to sav. proved as well 



Island Fauna 


Islands arc commonly separated into two groups: The first group indudes the 
continental islands, which represent really detached fragments of a mainland. They 
possess a much larger number of species than the oceanic islands, the number of 
genera too being larger. The second group — the oceanic islands— arc the true free 
islands, which have had no previous connection with the mainland, from which the 
flora and fauna now existing on them could be derived. 

The separation of islands has been commonly used, although it is relative, being 
true to a various degree in separate eases. Strictly said, the fauna of islands that had 
been separated from the mainland not long before, as well as fauna of young oceanic 
islands, corresponds really to the above mentioned classification (for example, the 
British Isles - Krakatao). 

In our opinion, such a classification is no doubt relative, as a different period of 
time has been connected with the isolation of separate islands. Nevertheless, although 
being relative, such a classification is highly important for the general classification of 
the given island fauna to understand its development and origin. 

Floristic criteria seem to be rather helpful. As we now know approximately all the 
methods of seed-dispersal, we arc in a position definitely to state that the occurrence 
of certain types of plants in any island is strong evidence that the island must have 
been formerly attached to a mainland (ridley, 1959). 

A REVIEW OF CERTAIN faunas. For separate faunistic complexes distribution see 
figs. 273-281. 

- a. continental islands. Of these we may deal here more extensively with the 
following: 

- British Isles. The British Isles exhibit— in connection with their geological history 
— typical features of the European fauna. There arc apparently present almost all the 
species that occur in the neighbouring parts of Europe. Otherwise, all the faunistic 
complexes occurring in Europe have been established vn the British Isles as well with 
the exception of the Mediterranean faunistic complex, but it is possible that Moiioc- 
tonia pistaciaecola, following Pemphigus aphid hosts lias reached the Islands, too. 

Holarctic Forest Tundra faunistic complex. {Aphid tus cingulatus, Ephedras brevis, 
Trioxys bclulae, Tr. compressicomis, Lysiphlcbus sah'fop/iis, Trioxys 161*5, etc.). From the 
zoogeograpbical point of view this complex is the most important showing the 
migration route Br. Isles - Iceland - N. America. 

Boreal Europe faunistic complex. ( Diarctcllus ephippimn, etc.). 

West Eurasian Coniferous Forest faunistic complex. ( Paticsia picta, etc.). 

East Eurasian Coniferous Forest faunistic complex (Pancsia Metis, P. infnlata, 
P. lariris, P. pin*, P. miilarimi). 

European Deciduous Forest faunistic complex. (Aphid ins hicraciomm, A. hortensis, 
A. loniccrae, A. ribis, A. rosae, Arcopraon lepelleyi, Dyscrituius platiiceps, Ephedras minor, 
Lysiphlebus ambignns, L. dissolutus, Monoctomis caricis, M. ccrasi, M. crepidis, M. uervosus, 
M. pseudoplatani, Praon abjeetum, P. jhwmode, P. uolucrc, Toxares del tiger, Trioxys 
ttiigelicoe, T. herodei, T. Ictifcr, T. cirsti, T. pallidas). 

Far Eastern Deciduous Forest. (Aphiditts salicts. Ephedras laccrtosns, E. pcrsicac, 
E. plagiaior, E . validns ). 

Eurasian Steppes faunistic complex. (Aphiiius absintlui, A. aveuae, A. erm, A. func- 
bris, A. matticariae , A. pasenomm, A. sonchi, Lysiphlebus fabarnm, Parahpsis enervis, 
Praon absinthii, P. dorsale, P. exofetmw, Trioxys aralephae, T. brmronns, T. centaurcae ). 

- Iceland. The parasite fauna of Iceland is almost fully characterized by the presence 
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of members of the Holarctic Forest-Tundra faunistic complex, Aphidius cingnlatus and 
Trioxys coinptessiconiis being established and the other members of this complex- 
being known both from the northern parts of Europe and N. America — arc expected 
to be found in the future as well (Trioxys betulae, T. ibis, Lysipltlcbus saltcaphis, 
Ephedras brevis, Aphtdius sicarius). 

Two members of the European Deciduous Forest faunistic complex have been 
established too (Praon volucre. Ephedras plagiator). Both arc widely distributed and 
widely specialized species, occurring from northern to southern areas of the corre- 
sponding communities. Their occurrence in Iceland is in apparent connection with 
their ability to penetrate to north forest tundra communities, where they may still 
find some host aphids. Both species have been established in the British Isles, never- 
theless, none of them seems to be able to spread farther to the Ncarctic America, this 
corresponding fully to their ecological characteristics. The faunistic position of 
Moaoclomis caricis, which may commonly be found in grassland habitats in the island, 
is not yet clear. 

- Greenland. Although a peculiar fauna of aphids lias been found to occur in 
Greenland, only Aphidius (ingulattis — a member of the Holarctic Forest Tundra 
faunistic complex — has been established there as yet. This is in close connection with 
the migration route of other elements of this complex, southern parts of Greenland 
being apparently covered as well when the species reached the N. American area of 
forest-tundra zone, 

- Cuba. Its geological history has been marked by up and down oscillation. Land 
connections have occurred in the past with S. America, C. America and the Floridan 
area of N. America, as well as connections between the separate islands in the West 
Indies which have also been continuous during certain periods. The flora belongs to 
the Ncointertropical region. Cuba docs not possess an original fauna of aphid 
parasites. This may be understood both from the geological history and spreading 
possibilities of aphids and parasites. Although there arc some species which have been 
known to occur in Cuba exclusively, this is due to the poor knowledge of the group 
in the neighbouring continents and all such species arc believed to have been later 
ascertained in at least some of these countries. 

The comparatively low number of parasite species occurring in Cuba allows us to 
classify the fauna very clearly, the following groups of species being recognized: 
l ~ O5m0 P°' U3n species. Diacreliclla rapae is a typical representative of this group, 
although it seems originally to have been a member of the Eurasian Steppes faunistic 
complex. 


North American Steppes faunistic complex. This complex has the most important 
influence on the fauna of the parasites of Cuba. Species of this complex arc predonu- 
nant in the Cuban fauna of parasites. Some of them have been known from the south 
ot the U.S.A. (Florida), the others arc more widely distributed in the Ncarctic 
region. The following species may be mentioned as the representatives: Ephedras 
Lysiphkbus (eslaeeipes, AcantLaudus tissoti. 

North American Coniferous Forest faunistic complex. Some members, which arc 
connected with the coniferous forest zone, penetrate southward, Pauesia sp. (mum- 
mies only) was found as a parasite of C.naraspp. m Cuban pine forests. Because of the 
occurrence of members of this complex in Florida, this may be easily understood. 

Subantarctic Forest Faunistic complex. Although this complex ,s not satisfactorily 
known, it is presumed to be connected with the south of the Neotropical region, 
penetrating far to the north-follow mg the mountain ranges and tropical cloud 
(orcsicommwuiy. PseudepheJrusneotropicaliiiiitypici] representative of this complex, 
being a parasite of a primitive Callaphidid aphid (Keoiiznius sp.). 
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The Cuban aphid parasite fauna has therefore the closest connection with the 
steppe zone of N. America, to a lesser degree with the coniferous forest zone of this 
region. Cosmopolitan species arc also less numerous. Elements of the neotropical 
fauna can be found in the tropical cloud forest zone, being uncommon. 

-Japan. The Japanese islands represent a similar case as the British Isles in Europe, 
except that they are on the eastern shore of the Eurasian continent, being about i6° 
further south and having a greater extension in latitude. 

In a corresponding way, there arc various faunistic complexes of parasites repre- 
sented in the Japanese islands. The separate islands (Kyushu, Honshu and Hokkaido) 
seem to exhibit certain differences among themselves as to the occurrence of some 
species, which is natural due to the different latitude and corresponding different 
floristic features. 

Generally, the Japanese islands resemble the neighbouring continental areas, which 
possess similar features as may be recognized from the comparison of the parasite 
fauna of Taiwan, Hong Kong, South Korea and Japan (stary a schlinger, 1967). 

As to the endemism of species mentioned 111 the book of stary a schlinger ( 1967) 
the same may be said as in the ease of Taiwan. According to our present opinion 
(stary, 1967), there arc no endemics of a given area, but there arc species connected 
with a certain floristic zone. Therefore, if any spcacs arc known to occur in the 
Japanese islands exclusively, they cannot be classified as being endemic as they will 
apparently be ascertained to occur in other areas where the given floristic zone is 
distributed. 

The following faunistic complexes of parasites arc represented in the fauna of the 
Japanese islands: 

Holarctic Tundra faunistic complex. The occurrence of its members is probably 
due to the occurrence of Lysiphlebu salicapltis in S. Korea. 

East Eurasian. Coniferous Forest faunistic complex. Diacrctus Icucepterus, Pauesia 
infulata, P. laricis, P. inouyei, P . jczocmis, P. konoi. 

Far Eastern Deciduous Forest faunistic complex. Protaphidtus Hawaii, Lysiphlcbta 
•aponica, Ephedrus pasirae , E. plagiator, Pauesia japonica, Trioxys bninncsccns, Aphidius 
area] at us, Praou orieutale, Monoctonus sintiUs, Aphidius gtfuensis, A. salignae, Praon 
glabrum, Aphidius sal ids. 

Eurasian Steppes faunistic complex. Diaerctiella rapae. The species, besides the 
mentioned cosmopolitan one, seem to be more widely distributed m Japan. 

Malaysian. Bioxys japonicus. Although the separate members of this complex seem 
to be distributed m connection with the floristic zones — in the true oriental region 
areas — they will be apparently found in some southern areas of Japan as well. 

- Taiwan. According to our book, (stary a schlinger, 1967), this island has the 
largest recorded aphidiid fauna in Far East Asia, containing 21 species 111 12 genera and 
subgenera. According to the earlier opinion of the authors, some of the species and 
genera were mentioned as endemics of this Island. Our recent opinion differs from 
our earlier point of view. The careful examination and comparison of the fauna of 
the district of Taiwan, Hongkong, S. Korea and Japan has shown, in accordance 
with our general studies on the geographic distribution of the apliidiids, that the 
separate aphidiid species do not represent apparently endemic species of certain conti- 
nental areas or island faunas, but they arc members of various faunistic complexes 
which are also associated with separate ffonstic zones. The occurrence of certain 
genera and species being known from a single place corresponds to the inadequate 
level of faunistic research of the Far East Asian area; such species are expected to be 
also found later in other districts of the corresponding ffonstic zones m the Far East 
Asian area. For example, the genus Archaphidus with its single known species 
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(A. grtitiidcae) has been described from Taiwan being also mentioned as an endemic. 
Nevertheless, we have classified this species as a member of the Malaysian faunistic 
complex, which is typical of the tropical rain forest of south east Asb, covering 
mostly parasites of the Grccnidcid aphids. The probably wider distribution of the 
genus may be derived from the distribution of the other members of the complex 
presented. 

The following faunistic complexes of parasites have been known from Taiwan: 
East Eurasian Coniferous Forest faunistic complex. Poucsia utnlaclmi. 

Far Eastern Deciduous Forest faunistic complex. Lysiphlebia japonica, Monoctouus 
woodwardiae, Hphedrus laccrtosus, E. oricntalis, E. persuae, Trioxys (ormolus, Aphidtus 
if if uensis, A. solids, A. solignoe, Praoit orientate . 

Eurasian Steppes faunistic complex. Aphidiiis absinthii, Lipolexis gracilis, Diacrctiella 
rapae. 

Malaysian faunistic complex. Archaphidus grccnideae, Trioxys struma, Trioxys con* 
fudus, Lipolexis scute! laris. 

This review clearly shows the various influences of faunistic complexes of parasites 
that arc in close connection with the occurrence of the given florisne zones in Taiwan. 
• Philippines . This island group is unsatisfactorily know n until now. Only Lipolexis 
oretfmae, a member of the Malaysian faunistic complex has as yet been ascertained in 
this area. 

- .Yen' Zealand. This very important and interesting area — both from a basic and 
applied point of view— has been until now unsatisfactorily studied; Diaefcliclla rapae, 
a cosmopolitan species, is mentioned in the literature. Detailed research of the New 
Zealand parasite fauna w ould be rather interesting from the zoogcographical point of 
view, including at least some eases of the southern hemisphere temperate parasite 
fauna elements. 

-Sialy. Sicily lus a fauna identical with the southern parts of Italy, which is 
apparently caused by its position. The number of species ascertained in Sicily in iy6j 
(vrxar, iy66) is distinctly less compared with the fauna of Italy. We have ascertained 
4V species as occurring in Italy, which number nevertheless is much higher in reality, 
while only 22, less than one half, Itave beat found m Sicily. After careful comparison 
of the faumstic complexes, hosts ere., this state is believed to be caused by the 
following factors: 

I. Certain tlorisuc zones arc almost lacking in Sialy, while they occur in ihc 
northern parts of Italy, for example, tile true coniferous forest of northern parts of 
Italy, where a number of JWua-spccics may be found; the dcaduous forest occurs 
as poor remains in the mountains. 

i. Tlic faunistic research has not been detailed enough, as for example some com- 
mon and widely distributed specie* of parasites have been found in Sialy while they 
arc unknown m all Italy, although there is no doubt about their occurrence in tins 
area at well. 

J. Sicily u (liaracfrtircd by a typically Mediterranean landscape, with prevailing 
steppe to semulcscTt zones, besides cultisatcd areas (orchards, garden*, etc.), the forest 
z»««c t» relatively scarce and distributed in the mountains exclusively, while a typical 
Mediterranean shrub-forni association may be seen m some part* of tlic lowlands 
rocky sea -si tore, etc. 

therefore, the low number of specie* ascertained in Sicily is appaxtntly due not u* 
island features but u>rrcs{»nJ» to the flomne zones. 

H-c following faunistic complexes ofparas.tesluve been ascertained ut Sicily : 

Eurasian Steppe* taurumc nip lex. It* member* represent rise mint typical com- 
ponent <>f tie parasite fauna of Sully. I fkednti ijrnpeuru, I'toen LiUtU, P. exeUi*>*. 



Aphidius avcnae, A. ervi, A. pasatorum, A. funcbris, A. sonchi, Lysiphlcbus mdcola, 
L. fab arum, Trioxys ccntanrcac, Lipolexis gracilis, etc. 

Mediterranean faunistic complex. It is also very typical of Sicilian fauna. Aphidius 
trauscaspiais and Monoctonia pistaciaccola. 

European Deciduous Forest faunistic complex. Its members Iiavc been found 
mostly in irrigated orchards, gardens, river valleys, etc., to a lesser degree in the true 
deciduous forest zone, which is poorly preserved on the Island. Praon abjection, 
Aphidius mae , Lysiphlcbus ambigtttis, L. thclaxis, Trioxys angelicac, T. pal lidos. 

Far Eastern Deciduous Forest faunistic complex. Ephednts persicae. 

West Eurasian Coniferous Forest faunistic complex. Only Pauesia silvestris lias been 
found to occur in Sicily, in secondarily afforested sea coast districts (Pinus); never- 
theless, some other members of this complex may be found to follow various 
Mediterranean Pinus associations. 

- Canary Islands. The Canaries consist of a group of islands, each of which has its 
own peculiarities. In the western islands there is a subtropic vegetation which be- 
comes poorer to the cast, being at last almost absent due to the influence of the west 
African Sahara Desert. Furthermore, the exposition of the slopes plays an important 
role in the distribution of plants in each island, and lias its role in the vertical distri- 
bution of growing different crops as well. The agriculture exhibits distinct sub- 
tropical and tropical features (bananas, sugar cane, tomatoes, tobacco, com, citrus, 
etc.). 

The parasite fauna is poorly known. Only some swept material has been identified 
by MACKAUiR (1962). Judging from this material, the following faunistic complexes 
occur in the Islands: 

Eurasian Steppes faunistic complex. It seems to be (naturally) the most distributed 
complex, including the species: Aphidius ervi, A. avcnae, A. mairtcariae, Diacretiella 
rapae, Trioxys pantionicus, T. brevicomis. 

European Deciduous Forest faunistic complex. Praon rolucrc, Lysiphlcbus ambtguus, 
Aphidius rosac, Trioxys angelicae. 

Far Eastern Deciduous Forest faunistic complex. Ephednts pcrsicac. 

The parasite fauna of the Canaries exhibits typical features of the Mediterranean 
area, although the number of species found is much lower. Nevertheless, this is 
apparendy due also to the initial stage of mvestigation; no detailed research has been 
stfidtitahen as yet, the swept material being apparendy collected in the cultivated 
landscape, the natural communities being omitted. 

- oceanic islands. These are represented by the following examples. 

- Bermuda Islands. The aphid fauna fully corresponds to the oceanic character of the 
islands. The results of the research (macgillivuay 1959) have shown that the greatest 
part of species established represent common species that are widely distributed in the 
West Indies, southern parts of the U.S. A., etc, while there are no species attached to 
natural communities of the island as can be seen in the West Indies, which are 
continental as to their origin. The aphid fauna of the Bermudas may be therefore 
classified as a previously immigrant aphid fauna from the neighbouring areas. The 
same situation seems to be true of the parasite, where only one parasite species, 
Lysiphlcbus testaceipes, has been ascertained (waterston, 1944), being widely distrib- 
uted over the Nearctics, and the West Indies as well, penetrating to the tropics of 
S. America. 

- Hawaii. Tliis group of islands is 700 miles from the nearest Polynesian islands, and 
2350 miles from America. It has a very rich flora, suggesting that it was formerly of 
a much wider extent, and that it is of great antiquity. Some of the genera contain a 
considerable number of species which is not at all usual in oceamc islands, and it 
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include* a number of genera otherwise absent in such islands. There is a distinct 
American element and it is difficult to see how such plants, with American affinities, 
could base passed over zoo nnlcs of sea (ridixy, 1959). 

Hccausc of various influences, the present day fauna of parasites exhibits the 
presence of members of various origin: 

Tar Eastern Deciduous Forest faunistic complex is represented by Aphidiut gtfuensis. 
North American Steppes faunistic complex. Aphidius olscutipts, Ephedms iticom- 
pltlus, A loiuntonus paulatsts and Lysiphlcbus tcstaccipcs — introduced (see below). 

Cosmopolitan species. Dioinliclla repot; being originally a species of Eurasian 
Steppes faunistic complex, is almost cosmopolitan today, its presence in Hawaii is 
apparently due to accidental introduction from the U.S.A. 

Introduced species. Lysiphlchus teshucipes — introduced in 1923 and 1965, originally 
a member of the North American Steppes faunistic complex. Aphidius sutitlii, 
originally from India, introduced to Hawaii via California inscctarics. 

Specs cs of the Nearclic faunistic complexes play the major role as to specific 
composition, being apparently a result of accidental immigration by nun’s agency. 
To a lesser degree, members of the Far East Asian and cosmopolitan species arc 
present, not to mention species introduced purposely. 

Note: ZIMMUMANN (1948) lus grouped the Hawaiian biota as follows: (l) Native. 
They arc either indigenous (live naturally in 1 lawaii as well as in some other place or 
places, and whose distribution came about without the intervention of nun), or 
endemic (entirely restricted to Hawaii), (a) Foreign. They may be either immigrant 
(utuuiciuiutulty brought ut by the intervention of man), or putposcly introduced. 
According to this classification, which lus been used for the Hawaiian insects, all the 
parasites of aphids belong either to immigrant or purposely introduced species. 

- Cuout. Ihc aphid fauna of this island has been dealt with by SU'LZLY (1942)* It 
exhibits tv pica! oceanic island features, being represented by common species — 
immigrants such as Rhepdlfsiphunt injidis. Aphis rrjedrora. Aphis twijpiJ, Ptitfolonui 
m;u'iKU oto. etc. No aphiJiu! parasites have been observed, AphtUmsspean being 
ilir suiglc parasite mentioned. 



4. Ecological classification. Aphids in islands as well as in the continents arc more 
or less connected with certain floristic zones or communities. Some species arc typical 
for coniferous forests, others for deciduous forest, steppe, desert, etc., these zones 
being further subdivided with respect to geological {including climate) history of the 
separate areas. Therefore, in accordance with the classification of plant communities 
in an island, we can distinguish the separate groups of aphids in a corresponding way. 
There arc many inter- and trans-zonal elements, they nevertheless do not influence 
the main features of a scheme earned out. 

5. Ecological groups. Similarly as in continental areas, the aphids occurring in 
islands may be grouped into the freely living aphids, leaf-curling aphids, gall aphids, 
root aphids, etc. Various types arc represented to a various degree, being dependent 
on climate, presence of certain host plants, etc. 

6. New crops. Practically every new crop that is introduced to be grown in a 
certain island area may be expected to be attacked by aphids. The aphids may origi- 
nate from the following groups: 

(a) “Indigenous", i.c. the aphids that had occurred in the island before the crop 
was introduced. 

(b) Aphids - new immigrants. In this group aphids belong which do nor occur 
in the island, due to lack of host plants, but it is probable that they soon appear — 
namely if being common m the neighbouring mainland— as far as the new crop is 
grown. 

7. Greenhouses in islands as an aphid environment scctn to exhibit die same 
features — as to the composition of species — as the greenhouses in the continents. As 
far as we can judge from the comparatively few records available, the number of 
aphid species is apparently lower m connection with the generally low number of 
species present ui a given island. 

- peculiarities of island parasite fauna. Island faunas exbibi t various peculiarities, 
which occur to a various degree in various islands. Generally, the continental islands 
exhibit less peculiarities, while the oceanic islands arc very different. 

- Specific composition. The comparison of island faunas and the neighbouring con- 
tinents has shown that,.be an island of continental or oceamc type, its fauna consists 
of a distinctly less number of species than the neighbouring continents. Oceamc 
island fauna of parasites seems to be extremely poor. 

- Habitat requirements. In continental islands, the habitat requirements of the species 
seem to be identical with those on the continents, with corresponding dependence on 
the climate. In oceanic islands the species — being immigrant — may occur in such 
habitats, which arc not ecologically an optimum, because of the island environment 
peculiarities and restriction of the possibility of habitat preference. An immigrant 
species is forced by environmental pressure to occur in habitats that may not be too 
suitable for it, there being no more suitable habitats in the island. For this reason, 
widely eurytopic species seem to have better chances of successful establishment. 
A tropical climate with its corresponding influences on lubitat requirements, seasonal 
occurrence, etc. of parasites seems to be also rather favourable. 

- Host specificity. Climatic conditions of the island deeply influence the composition 
(establishment possibilities, etc) of the flora and consequently also the composition 
of the aphid fauna. Their significance is different in different islands, although the 
occurrence of aphids in. a given island is influenced by historical factors, spreading 
possibilities, etc. : the climate, through the flora occurrence, forms the presumption 
of environmental conditions development for an occurrence of certain aphid fauna 
in an island. This phenomenon then determines — besides specific features — the host 
range of a parasite species present in an island. 
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As mentioned above, the island fauna is in every ease poorer than that of the 
neighbouring continent. This means, with respect to the host range of various parasite 
species (except monophagous species), that their host range must be restricted in ail 
island area. 

Eac h parasite species tries to get its place in the struggle for existence, in an island 
community as well. The pressure of the environment may be different in different 
islands. In some islands, where numerous aphid species exist and the parasite fauna 
is low in number of species, the pressure of the environment may not be so powerful 
as to force the parasite to parasitize new hosts. This might be true of some oceanic 
islands with a comparatively rich aphid fauna and poor parasite fauna. 

In some continental islands (sec below), the scheme of food chains is principally the 
same as in the neighbouring continents. Nevertheless, as these food chains arc low in 
number due to the island conditions, some parasite species seem to try to cover other 
aphid species through interspecific competition, or to cover other aphid species that 
arc not parasitized at all, in their host range in the given island. 

Usually, and this ts a phenomenon that generally corresponds to the aphid - 
parasite relationship in comments, there occurs in an island parasite fauna a certain 
species "m progress", which seems to be rather successful in including new hosts into 
its hose specificity range in various parts of its distribution area. This is naturally 
different in different groups, depending on a number of factors. Island conditions 
may allow such species — due to the absence of some of their competitors — to para- 
sitize certain new hosts. 

Interspecific relations among the parasite species in continental islands seem to 
exhibit generally the same features as the relations in the continents. There may be 
some changes due to the partially different host aphid presence (see below : Cuba). In 
oceanic islands — due to the other fauna — there may appear other interspecific rela- 
tions. 

- Cilia. As mentioned above, the aphid parasite fauna of Cuba is not different as 
to its specific composition, being represented by Ncarctic, Neotropical, and cosmo- 
politan parasite fauna elements. This is in obvious connection witli its geographic 
position. Nevertheless, certain peculiarities may be recognized in the ecology of 
separate species, namely in then habitat requirements and host specificity. These 
peculiarities seem to be caused pcrliaps more by the inter-position of the Island 
between the two regions (Ncarctic, Neotropical) than by the island character of this 
area. 

8 species and 2 species of unclear specific identity belonging to 7 genera liavc been 
established to occur 111 Cuba (stary, 1967). This number is undoubtedly much less 
tlun the number of genera and species that occur in the south of the Ncarctics. 

The tropical climate of Cuba has no doubt caused certain changes in the habitat 
requirements in ccrtaui parasite species. Some of the parasites are there in more or 
less the same habitats as in their native home. Tim is obvious in PseudephcJrus 
tieotropicahs, which is connected wuh the tropical cloud forest zone. Somewhat 
striking, however, arc the lubitat requirements of the steppe species of the North 
American Steppes faumstic complex in Cuba. In their native home they arc connected 
with the steppe landscape, being mostly parasites of the Dactynotui-, Macrostphum-, 
etc., species, which arc typical inhabitants of the steppe habitats. As is common in 
the steppe species, some of them nuy occur m the shady places in the steppe during 
the hot summer period. Nevertheless, the influence of a tropical climate has caused 
apparently certain other requirements on the habitats than those known to occur in 
the temperate zone and subt topics (penetrating of habitats from north to south). The 
two yearly periods — dry and wet— in the tropical climate of Cuba have no doubl 



caused these changes. The aphids penetrate, following the rudcral places, etc., into 
the rain and cloud forest zone, where the conditions are the most suitable for them 
because of climatic and food reasons. There is almost a lack of the original steppe 
species in uncultivated savanna in Cuba, but we can find them occurring commonly 
in the tropical rain and cloud forest zone, as they follow the rudcrals, clearings, river 
beds, etc. Some of the species, being more curytopic and widely specialized, have 
penetrated into the close forest communities, too (Lysiphlcbits testaccipcs). All this has 
obviously been caused by the deep influence of the dry period in the lowland habitats 
while the submountains and mountains are less influenced, the conditions there being 
also suitable for both the aphids and parasites. If the influence of the dry period is not 
so deep, the aphids and parasites arc probably more distributed also in the uncultivated 
savanna at that period. The cultivated savanna represents a somewhat changed 
habitat and some species such as L. tcstaceipes are often very common there too. 

The isolation of a parasite species population in Cuba has apparently influenced its 
host range in some cases. 

There is no doubt that except strictly specialized parasites, the number of host 
species is in every case much less than in the parasite’s native home or non-island parts 
of its distribution area. 

The general host range and island host range of parasites occurring in Cuba is 
shown by the following list : 

Ephedrus ituompletus: Distribution: Canada - Ont., U.S.A. - Florida, Ohio, Dclaw., 
Torn., west to Kansas, Hawaii; Cuba. Hosts: Dactynotus erigcronmsis, U.S.A., Ohio; 
Macrosiphum agriittoniclla - Canada , Upaphis erysimi - U.S.A., Macrosiphum carpintcolcns 
- U.S.A. - Fla., Af cuphorbiae - U.S.A. - Ohio, A/. hrioJetiJri - U.S.A. - Ohio, A/. 
illtni, western N. America, Hawaii, Metopohphiunt dtrhoJum, Myzus ccrasi - U.S.A, 
Myzus persicae- U.S.A. Hosts in Cuba: Aulacorthum solani , Microparsus olivet, Sitobium 
salviac. 

Pseudephedrus neotropicalis : Distribution: Cuba. Hosts: unknown in other areas except 
Cuba. Hosts in Cuba: Ncolizcrius sp. 

Paucsia sp. : No detailed records on the species mentioned (mummies only.). 
Aphidius flortdaensis : Distribution: U.S.A. - Fla., Texas; West Indies (Cuba). Hosts: 
Aphis gossypii - U.S.A., Dactynotus ambrosiae - U.S.A., Florida. Hosts in Cuba: 
Dactynotus ambrosiae, D, crigcronensis. 

Diaerctiella rapae: Distribution: Cosmopolitan. Hosts: Aphis abbrcviaia - Canada, 
U.S.A. — Maine; A. acanthi- Spain; A. rumicis — Cyprus, Brachycaudus helichrysi — 
Czechoslovakia; Brachycolus noxttts- U.S.S.R.-Ukraine; Brevicoryne brassicae - Europe, 
America, Australia, N. Zealand, Africa, etc.;? Callaphis bctulae — Canada, Dactynotus 
sp.- Czechoslovakia;? Euceraphis betulae - Canada; Caliobium langci - Czechoslo- 
vakia, Hayhurstia atriplicis- Canada, U.S.A., Czechoslovakia, U.S.S.R. -Eur. part; 
Hyadaphis Jbetticuli — Gr. Britain; Upaphis fritzmuellcri — Czechoslovakia; L. pseudo- 
brassicae — U.S.A., Macrosiphum cuphorbiae — Gr. Britain, Argentina; Myzapltis bcibieitkoi 

- U.S.S.R. - C. Asia; Afyziis persicae - U.S.A., Hawaii, N. American States, Canada, 
Germany, Israel, U.S.S.R. — C. Asia , JapdasiPterochloroidcs persicae— Pakistan; Rhopalosi- 
phum maidis- Morocco; Schizaphis gramtnunt - U.S.S.R.-Ukraine, Argentina, Uru- 
guay; Schizaphis scirpi — Czechoslovakia, Gr. Britain, Sitobium sp. — Czechoslovakia. 
Hosts in Cuba: Brevicoryne brassicae, Upaphis pseudobrassicae, Myzus persicae . 

Lysiphlebus tcslaccipes: Distribution: Nearcric region, some areas of Neotropical 
region, introduced into Hawaii. Hosts: Atmraphis middletonii — U.S.A. ; A. roseus - 
U.S.A. - Maryland; Aphis abbreviata - U.S.A. - Maine, Canada; A. agatheriae - U.S.A. 

— Calif, vl. bantbusae — U.S.A. — Alab.; A. ccrasifoliae — U.S.A. — Idaho, Utah; A. 
chrysothamni — U.S.A., Utah; A. conufoliac — U.S.A., A. craccivora - U.S.A. — Ohio, 
Ariz., Calif, Hawaii; A - cusutae —U.S.A.; A. /abac — U.S.A. — Calif. ; A. Jarinosa - 
U.S.A.~Ohio; A. gossypii— U.S.A. —Calif., Texas, Fla., Columbia, Ohio, Georg., 
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Hawaii, Bermuda; Cuba; Puerto Rico; A. gregahs — U.S.A. - Idaho, A. hederae - 
XJ.S.A.I A. hduatht - U.S A. - Ohio, Utah, Calif., Canada; A. hcradcUa - U.S.A. - 
Idaho, , Utah, Calif.; A. labium- US.A.-Fla., A. lutescens - U.S.A. - Calif.; A. 
malvifoUac- U.S.A. - Va ; A. mogilhtet - U.S.A. - Ohio; A. tteomexicana - Canada; 
A;™' 1 ^J‘6 c,ltina i U.S.A. -Fla , Mexico, Bermuda, Puerto Rico; A. ccnothcrac - 
H c' » “ A ocsthmd ‘ ~ U - S A - - Ohio; A. phatcliae - U.S.A. - Colo., A. pomi - 
ITC a £ ai , P se “ d °l' cdtm - U.S.A. - Calif.; A. ratiwitae - U.S.A., A. rhamni - 
U.S.A. - Fla., A. rumuis - U.S.A. - Iowa. Ohio, Idaho, N. Carol., Calif., Canada, 
Cuba; A. rpiwro/a- U.S A.- Fla.; A. spp.-C a ,,ada. U.S.A. -Calif.; lirevtcoryne 
i ’ Cuba: Cr YP ,0,,i yzus nbu - U.S.A., Canada; Daciynoius ambrosia- 

Su’ n» *** , ta ''f cc " ~ U S A.; Hystcromura setariae - U.S.A., Puerto Rico, 

it ‘S a - Ce l7 U, ? A - bpaphis psaidobrassicae - U.S.A., Longiunguis sathart, 

iiTa /? awa,,t Macr ™ pU ' ,m ttoifolu - U.S.A.; A/, aicurbitae - U.S.A.; Af. rme- 
U.S. A., Myzus atasx -U.S.A. ; Canada; Af. hoiightoiicitus - U.S.A. - Ohio; Af. pa suae 
7r^ A w Cabf - Pucr “> lUco; Af. rhamni - U.S.A., Ncomyzus circumfitxus- 
U.S.A., PlioroJoithuimih - U.S A. ; Rhopalosiphiw, d.amhi - U.S.A.; Rh. maidu- 
ij c"a - c°i°. r ’a 3 1 a ’’ p * awan « Cuba, Puerto Rico, Mexico; JUi. prumfohae- 

A ?° ,Uc ° : "'“‘’f'"' jpennnutn - U.S.A. - Tcxal, Oklr.; 
a Ma ™ . U.S.A.; „™„(_ U.S.A.-Cabf, 

A illinolsmtii A (l «^°*, HoSti ,n Cuba: Ap/ii. cmopiidn, A. tramvoia, A. goinP"’ 
DnZZZZlbtl n W-. Bmhyiaudu, hdichrysl, Cvdmm ,tP‘". 

™ "to XL. W*. H. lUw Hytfrre- 

Rlnp'Mplm, W„. sTS 

«->• -■ 

lulcum. * ^ uba ' ** ost$ m Cuba: Aulaiorthum solatti, Sitobium 

”7 h “' The aphid pa,,;.., fauna of 

nenti If the host ran. f P°o r if compared with that of the neighbouring conti- 
Zeiy r P1 " K SP ' de! fo ™ d “ “ -aluaL, ,t is obvous, 

hS" SSIXS; o„.; . r * 

AcanthoeauJus //««/, fioridaemi FU T' ^ “ r I cco e mzab,c m thc ° f 

The more widely specialized furring ’^P bedrus ««»« npletus , Diaeretiella rapae, etc. 
contact with the new hosts teslacei P e ?\ have come into 

successfully parasitized them n™ u T ^ ) environment (cloud forest) and 

parasitc-the general host range of th^sne ‘° h ° St ” nge ° f ‘ hC 
It really seems, and it is apnfrem P ’ howcvcr . remaimng more numerous, 
host range forces thc parasuc to find^ s P^ acs at least . that the restricted anginal 


host range forces thc parasite to find „ V . east * that thc restnctcd on S , 
aphids being parasitized which t j i_ cw ,° sts 111 island environment, sue! 
given parasite species, due to a suffiCT^^ 0 ^^ ° r mnte<1 m tbc nativc tomc of [ h ' 
species present. Because of this rcsrnrf^d ^ Umtcr of ° thcr more suitable host aphid 


species present. Bccau’sc ofthu rested ^ Umtcr of ® ,hcr more suitable host aphid 
to find new hosts in such environment, u” J ange ’ thc P arasite also forced to tr>- 

The above menuoned f“rcrXh^A'' OUU bc 

populations in Cuba, mate iW n „ i 3VC bccn rec ognized in the aphid parasite 
of their native home o^nMehbounn!.^ 1101 . 1 somewhat diffcrcm from those 

used in thc biological control (expomt'' 0011 *!'^ 11 arcai ‘ consideration might be 

As to thc interspecific competition the? Somc speacs, i.e. peculiar populations). 

ecology have a different degree of impo axonomic affinity of the hosts and their 

spccifiaty, and Star^, iy6j). Jhis « P ° rtan f? m separate parasite species (see: Food 
parasites of Cuba in relation to thc hosts ^ A Y r*^ “ lsland fauna - If the aphld 

° StI arc cla ‘sificd. thc follow ing conclusions seem 



to be acceptable: 

The aphid fauna, both as to the number of species and ecological groups, is much 
poorer than in the neighbouring continents. The same may be said of the parasites. 
When classifying the host-parasite relationship, it is obvious that the relation is 
generally the same as in the continents, only being more restricted, due to the 
peculiarities of the island fauna. Usually, only 1-2 parasite species are specialized to 
parasitism on certain groups (taxonomical and ecological) of the hosts, while the 
same or a similar group of hosts is usually attacked by a complex of species in the 
continents. Usually, a species is found which is very widely specialized and covers 
all the aphid species that arc not attacked by a certain parasite species. The following 
examples may be mentioned : 

(a) more strictly specialized parasites: 

Aph idiusjloTidaeusis — Dactyuotus sp. 

Acanthocaudus tissoti — ■Dactynotus sp. 

Ephedras incompletus — Sitobium sal vine, Microparsus olive i, rarely Aulacorthum solani. 
Diacrcticlla rapae—Lipaphis pscudobrassicac, Brcvicorync brassicae, Myzus persicae. 
Pscudephcdrns ucotropicalis — Neolizerius sp. 

Trioxys spp. and their hosts 

(b) widely specialized species. 

Lysiphlebus testaceipes— is a typical parasite of aphidinc aphids, but it attacks also 
other apliid groups including Dattynohis, Hyperomyzus, etc. (interspecific 
competition). 

The widely specialized parasite species usually cover all the non-paiasitizcd host 
species because of the given island community equilibrium level. This is obvious 
from the classification of the host range of Lysiphlebus testaceipes in Cuba. 

Similarly, in the hosts ofseparatc species it is obvious they seem to infest in a higher 
degree the host species that have a similar ecology, the taxonomic affinity having no 
importance; Ephedrus iucomplctus — its mam hosts arc Microparsus olivei, and Sitobium 
salviae, while Aulaeorthum solani is attacked only occasionally. Another case is that of 
Trioxys sihieola and its parasitization on Aulacorthum solani and Sitobium luteum in the 
cloud forest community. In this case, the species of the genus Trioxys are mostly 
strictly specialized and usually mentioned as examples of strict host specificity, the 
feature of parasitization of both the hosts mentioned with respect to their taxonomic 
relationship being rather remarkable. 

Furthermore, it is obvious that every species — in accordance with the host spec- 
ificity determining factors — has a certain mam host or hosts, while certain hosts are 
clearly alternative or occasional. The main host occurrence here may be understood, 
among other points of view, as a result of successful interspecific competition m a 
restricted community. Examples: 

Aulacorthum solani: In the cloud forest it is no doubt the main host of Trioxys 
sihieola; it is also attacked by Ephedrus incompletus. Microparsus olivei and Sitobium 
salviae are the main hosts of the latter species. Although Epherdus incompletus may be 
classified as a phyla genetically mote progressive species than the specialized Trioxys 
sihieola it is apparent it did not succeed m the interspecific competition in the case of 
Aulacorthum solani parasitization. 

Lysiphlebus testaceipes : It is a widely specialized parasite, nevertheless, its mam hosts 
belong to Aphis species and related groups. Being a progressive species, it either has 
covered all the groups that have no parasites in Cuba, or has attacked also other 
groups which have specialized parasites — in the latter case it seems, for the meantime, 
it has not been successful in this competition due to the percentage of parasitized 
aphids by both the competing species: 
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Dai) 'totus sp. : .if hi, hut jloridaaisis and AcanihocauJus tissoti arc the main parasite*, 
LystphUlus nstatcifcs being an occasional parasite exclusively. 

Silohum salviac: UpluJnis tncompletus is the main parasite, while Lysipkkhus lesiJ- 
teipes is an occasional parasite. 

1 he classification of the mentioned relations, based on the host specificity compar- 
ison of the parasites both in their native home and in Cuba, is the necessary presump- 
tion when certain species liavc to be introduced into the Island. The peculiarities of 
the island community equilibrium level, which arc the result ofa very long evolution, 
liavc to be kept in nund. 

- Ha waii. The parasite fauna of Hawaii is a deeply oceanic t)pc, consisting of 
members of various origin, which arc not connected with certain flonsuc zones as to 
their spread to Hawaii, but they represent chance immigrants. Immigrants of the 
Ncarctic ongtn, to a lesser degree species of the Far East or cosmopolitan species, may 
e oun in Hawaii, besides two specie* purposely introduced by man. 

species of the parasite have been established as occurring in Hawaii up till now. 
Jhidmsobscunpes Ephedtus ituompletus, and Monoctomts paulcnsis are ncarctic as to 


on Z m Aphid, ustfuensis is a Far East Asian spies. Diaeretitlla tap a, is cosmopolitan. 
Lysiphicbus testacapcs is of Ncarctic - - ' - J 


S I 11 ‘'TfT*-' of , Ncarc “ c ori gin, Aphidius smith i is a species introduced 

NriZ '? a J* ° mU a 1 nc * vu i nscc tary reanngs to Hawaii and other countries. 
The parasites ** °V^ C ^‘tat requirements of the separate species are known- 


Tli» ‘equirements ot the separate species arc 

of from arcm ostly mentioned in connection with the parasinzation of aphid* 

rencc in the * ,m P ortant . nevertheless, there are no records on their occur- 


uhS 1 “ VC becn nudc "P ‘J 1 now. Xhc parasite species o“ b- 

WnT^ho ‘ t' r?,.T“ y of V 4 attack - 


their native ,ucnuo nea as parasites ot aphids they « 

about their biolouv 0 , C .r 'Vi ^ nS S cncrall y probable and does not mean an) dong 
probably be found if rg* I f a,Iwr niter citing and important records might 

P tin tbm onanS “ m P l “ ““«* -he parariuTsv.th respect to .hr 

- “S, “ «*»“ would be undertaken. 
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the separate islands. Nevenheklw “d P"" 1 " ““ uU r Cmtu has originated w 

period from their related poouhi ,° i ‘ > 7‘ T “^“““-“ParatcJ throughout ; alo”, get 

atea-trbgh, and probativ do 

In the case of comm^nS,^ jj“* p “ la P a % determined by the ty pe °f 
mainland and “ crc wa * sometimes a land connection with tb 
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mainland and fionstic c 


later separation ofa part of the^ 7“! idcn,ical at lcast 10 a certain penocL The 
the community, later certain charf 10 *^ ** * sc F aratc “land did not at first change 


situated not so (u fro. 


Sloped to a various degree. Nevertheless, 
• g ° OUr O phuon, the continental islands ar<- mostly 




nities determines basically the 1 n ‘jP? csenccora hsencc of certain fionstic commu- 
Icast some parts of the original r!L>d t • ““ com P°sinon. In continental island* at 
mainland is apparent from the com ’ stI ^ he found and the rclanon to the 


On the other hand, oxalic iSf **” 1 . of &una ' 

immunities are often developed v/ fC -’ UU l h c contrary although ccrtam fionstic 


communities are often developed 1 , J 1 thc contrary although ccrtam Honsi^ 
developed m an isolation and d iomctimcs rich in number (Hawaii), the) 
Apparently they had onmnallv not “respond to the mainland communioes- 
imnugrated to the island t ‘ ° parasite fauna rw.l„ iocae* 


parasite fauna either. Only later some specie* 
rave TV,. ' . . .. J -V. 


nou* ways. The immigrant species mostly follow ed the 



introduction and growing of various crops, so that the present day parasite fauna of 
oceanic islands is mostly connected with agriculture pest aphid fauna. This is apparent 
for instance from the specific composition of the fauna of Hawaii. 

The origin of continental islands parasite fauna is easily recognizable when com- 
paring the specific composition of the island fauna and that of the related continent. 
Natural communities are preferable due to their more or less original state, while 
cultivated crops fauna may exhibit secondary features. 

Although the oceanic islands arc characterized by their isolation, their fauna of 
parasites is composed of members of various origin, which form the peculiar oceanic 
bland fauna. As the species of various origin select the best communities to live in, 
there arc no typical faunisric complexes present, but there occurs a mixture of various 
species secondarily connected with various communities of the given oceanic bland. 

There arc, however, certain groups of species predominant in separate island fauna. 
Being connected with agriculture, usually through the introduction of crops, etc., 
the parasites arc naturally introduced from the same places as the crops. 

For example, there is no doubt that in the ease of Hawaii there is a predominant 
influence of Nearctic parasite fauna, to a lesser degree of the fauna of Far East Asia, 
which depends apparently on the trade activities of man. 

Therefore, the oceanic islands are inhabited by a fauna of parasites, whose members 
represent primarily parasites of agriculture pest aphid species. Their composition 
depends on the country from which the crops are introduced. 

-immigrants. Judging from the comparison of the parasite fauna of blands and 
continents, aerial spread seems to be the most usual manner of parasite spread to the 
islands. As air streams have also the basic significance in aphid spread, thb feature 
seems to be rather important in host and parasite relationship in spread. It does not 
mean naturally that the complete fauna of aphids and parasites will occur in an island 
and on a neighbouring continental area — all the cases known to us show that bland 
fauna is in every case poorer than that of the continent. Aphid spread depends on the 
general directions of air streams, occurrence of certain host plant, seasonal occurrence, 
etc. A more complicated situation occurs in an aphid parasite, which has to find the 
aphid in the new environment. Naturally the widely specialized species seem to have 
a better chance of finding a host. Numerous examples of aerial spread may be recog- 
nized from the above mentioned review of blands, when the separate bland faunas 
are compared with those of the neighbouring continents. 

Man s activity, being connected with the transportation of various crops from one 
country' to another, growing of crops in new areas, etc., has a great significance in 
the spread of parasites. Moreover, thb activity of man has been occurring since the 
earliest periods of agriculture. From the point of view of our present day period we 
may subdivide man’s activities with respect to aphid parasites spread into two 
following groups: 

Accidental introduction. Accidental introduction seems to be the main source of 
aphid parasites in oceanic blands, i.c. in oceanic islands that are situated at far distances 
from the continents (Hawaii). 

When we classify the fauna of parasites of Hawaii, it b apparent that the greatest 
part of the species, which are found there are parasites of common widely dbtnbuted 
pest aphids: 

Acyrthosiphon pisum : Aphidtus obscuripes 
Breuicoryne brassicae : Diacretiella tapae 
Maaosiphum granarium : Aphidtus obscuripes 
Afacrosip/ium rosae ; Ephedrus ituomplents 
Myzus persicae : Aphidius gifuensis, Diacretiella rapae 



,* man to Hawaii lias 

been mentioned by Hawaiian workers in 1931 (Notes and exhibitions, 1931): At the 
sessions of the Hawaiian Entomological Society they used to exhibit new immigrants, 
interesting and less known insects, etc. Once they exhibited three specimens of 
Diacrcticlia rapae, which were reared from parasitized aphids found on a cauliflower 
from California, U.S.A. (apparently Myzus persicae, Lipaphis pscudobrassuce, or 
lirevicoryne brassirac— author’s note). In this connection, they have noted this ease as 
“It is a parasite tliat has been found in Hawaii for a long time, parasitizing aphids on 
Cabbage. This incident illustrates how the parasite could have arrived here originally". 

Purposeful introductions arc a part of biological control activities. Two examples 
may be mentioned here, both of them being cases of introduction of parasites from 
Ncarctic America (native or via inscctarics) to Hawaii, the main task being to cover 
the gaps occurring due to lack of parasites of some pest aphids in this island: 
Acyrthosiphott pisutn : Aphidius sinilln (introduced i960). 

Aphis aoctivora \ 

A . gossypil (introduced 1923, 1 963) / 

A. nail Lysiphlebus testartipes 

Lottgiuttguis sacchati j 

RJtopalosiphmit ntaidis 

The comparison of islands— both continental and oceanic— has clearly shown that 
irrespective of the type of island the distance from a continent (source of fauna) 
seems to play an important role. The parasites may spread apparently with no 
difficulties oyct smaller distances from continents to islands, as is apparent from the 
case of the Canary Islands, Cuba, etc., and Bermuda, while greater distances — over 
oceans— seem to represent geographic barriers. This is apparent from the comparison 
of geographic distribution of the whole group (faunistic complexes, see: stauy 1967). 

Three periods may theoretically be mentioned, in which a parasite may reach an 
island area: 1 . Before the host aphid. Such a case is possible in an accidental introduc- 
tion of exclusively mummified apluds, or in case of aerial transport. In this ease, the 
specialized parasites cannot survive, while widely specialized parasites may find hosts 
and occur in the island. 2. Simultaneously with the host aphid. This ease may be 
common, for example such as the one above mentioned (accidental introductions). 
Or, in another ease, the simultaneous aerial transport of aphids and parasites through 
parasitized living (alate) apluds is possible as well. 3. After the host aphid spread. This 
seems to be the most common case . On the one hand, she aphids are numerous (alate 
spns.) and their successful spread seems to be more possible. The parasites following 
the aphids (air streams) may find host colonics then present in an island area and may 
parasitize them. 

- natural limitation. The food chain aphids-natura! enemies consists of many 
members as we can recognize from numerous samples taken in the field. Never- 
theless, just from the evaluation of the samples, st is apparent that in almost no case 
can all the members of the given food chain be found in one sample. The separate 
species occurrence is influenced by a number of factors (environment, spread possi- 
bilities, seasonal history, etc ) The separate members substitute each other in the 
frame of she equilibrium level of the gisen community: If parasites are almost 
absent, tlie predators arc more common and vice versa. 

In island conditions the food chains exhibit a various degree of completeness. It is 
a general rule, ilut in continental islands they arc of a similar scheme, being less, 
howeser, ui number of their members if compared with the continent. In oceanic 


Rhepolosiphum prutu/eSioe: Aphidius obsturipcs 

(Purposely introduced and unclear species are not mentioned) 

A nice example of an accidental introduction of a parasite by 



islands they arc mostly entirely original due to the different origin of their members 
(immigrants). 

The same may be said generally about the specific composition of hyperparasites in 
islands. In continental islands they arc less in number of species, nevertheless, they 
clearly belong to the continental fauna. The food chain is incomplete from the 
viewpoint of the continental fauna, nevertheless, one species or several species that 
occur in an island cover all the gaps caused by the absence of certain other species. 
Tills is a common rule m island fauna conditions, mentioned by various authors 
(sweetman, 1936, etc.). For example, we ascertained only one group of hyperparasites 
of aphids, the chalcid Pcchyttcuron species during our research work in Cuba, while 
cympids, proctotrupids and other chalcid flies arc known as members of similar food 
chains m the neighbouring comments. In the oceanic islands the main principles arc 
similar except that the hyperparasite fauna may be of various origin. We do not 
know any record with which we could compare the peculiarities of island-continent 
populations of hyperparasites. Judging from the host range of the hyperparasites, 
which seem to be more widely specialized than the primary parasites, the apliidiids, 
the island populations might probably exhibit less diversity when compared with 
continental populations. 

As to the effectiveness of the hyperparasites, it is a general rule that the island 
species (continental islands namely), although being less in number, substitute the 
role of their absent relatives, so that a community equilibrium level is again relatively 
complete. According to our observations in Cuba, which support the earlier obser- 
vations of some research workers on the cffcctivcncs of hyperparasites in Hawaii, 
the hyperparasites of aphids were often extremely effective during certain periods of 
the year. The seasonal occurrence and effectiveness, the principal features, remained 
therefore similar to those in the neighbouring comments. 

— endemics and rilics. The criterion of endemics is relative from a certarn pomt 
of view as it changes in dependence on time. As mentioned in the geographic 
distribution (stary, 1967) it seems better to classify certain species as endemics of 
certain floristic zones than as endemics of certain continents or countries. For this 
reason, no endemics can be found ui the island fauna of parasites. In continental 
islands the flora is similar to that of the mainland — at least as to the mam floristic 
communities — , in oceanic islands there is a peculiar flora, winch has developed 
independently, the parasite species being immigrant. The parasite species, described 
originally from an island, cither oceanic or continental, will, sooner or later, be found 
in a continent, too. A number of such cases can be mentioned (sec: Far East Asian 
fauna, British Isles, etc.). 

According to our studies on the geographic distribution of parasites and its devel- 
opment, we do not recognize any relics of a certarn area or country, but relics of a 
certain floristic zone. For this reason, any identification of a parasite species as a relic 
of an island is presumed to be incorrect. 

This problem of parasite relics in islands has not been dealt with sufficiently. The 
single record known seems that of mackAuer (1962), accorduig to which “the 
occurrence of Trioxys pawionicus m the Canary islands cannot be connected 
with any record from Central Europe, the Mediterranean subregion, or from the 
Middle East, though the host aphid is distributed throughout Europe and Artemisia 
sp. are common plants in the Mediterranean area." We have classified mackauer’s 
opinion that Tr. panuonicus is a faunal relic in the Canarian from the warm tertiary 
period as being rather doubtful. The parasite, which has been found up till now in 
Germany and the Danubian lowlands (south eastern Czechoslovakia, Hungary), is a 
member of the Eurasian Steppes faunistic complex. This complex is rather numerous 
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covering also the parasites of the Dattynotus, etc. aphids, to which group Tr. pannmi- 
ais belongs as well as a parasite of Timosiphon artemitiae. These species, besides other 
areas of Eurasia, have been widely and commonly distributed over the Mediterranean. 
Artemisia campcstris, the host plane of the aphid, has been mentioned as an example 
of seed dispersal by cattle in the ease of the Canaries by bidley (i 959). For this reason 
it can be supposed that the appearance of such weed plants in the Canaries may be 
expected to be soon followed by the aphids (and parasites) via aerial plankton dis- 
persal. This has apparently been the way of Tr. pammicus as well, the species being 
more widely distributed than the recent records have shown. In no case can we 
support mackaueh’s opinion keeping the occurrence of the parasite in the Canaries 
as an indication that a former land connection with continental Europe existed. 
Although the floristic records ( ridley , 1959) have shown the apparent land connec- 
tion of the Canaries in the past, to apply the occurrence of such dispcrsablc forms as 
aphids and apparently also the parasites for such a task seems to be unjustified in this 
case. 

- vicAWANcr. According ro our studies there has not been an original fauna 
developed in various islands, hence no taxonomical vicariants can be found in island 
faunas. 

In continental islands — due to the same although less numerous fauna — there may 
be the same ecological vicariants as in various separate faunistic complexes in the 
mainland (see Geographic distribution, stauy, 1967)- In oceanic islands, ecological 
vicariants can be found thctc, for example, among the parasites of widely distributed 
aphid pest species. 

-faunal connections. As we have shown in geographic distribution research 
(stab*, 1967), very poor connections exist between the separate continents. This is 
recognizable from the development of separate ilonstic zones, which have been 
deeply influenced through the geological history of the earth. The aphidtids, being 
dependent on floristic zones in the main features in their distribution, have been 
influenced in a corresponding way. 

In the existing or probable connections, islands have played a certain role, never- 
theless, only three apparent eases may be mentioned: 

- British Isles. Although the British Isles may be generally classified as a part of 
continental Europe as to their fauna, they have a position which is somewhat similar 
to that of Iceland. Although there arc members of several faunistic complexes 
distributed over the British Isles, the occurrence of the members of the Holarcti'c 
Forest Tundra faunistic complex is most important with respect to the spread of the 
species via Iceland to N. Amersex There is no doubt about the importance of the 
British Isles as a part of the migration route of the Forest-tundra faunistic elements to 
N. America. 

- Iceland. This island has been important in the spread of holarctic forest-tundra 
faunistic elements from Europe to Ncarctic America. Whether it was in the period of 
land-bridge connections, etc., we cannot say as there arc various opinions on the 
existence of such a bridge at all. Nevertheless, there is no doubt that identical forms 
may be found in the boreal areas of Europe, on the British Isles, Iceland, in the south- 
ern part of Greenland, and at least m the northern parts of Ncarctic America. 

The role of Iceland as a district where parasite fauna has occurred during the 
period of ns spread is apparent There arc, besides the Holarctic Forest Tundra 
faunistic complex elements (Aphtdius angulatus, Trioxys coinprcssicorms, etc.) distrib- 
uted some members (Epkedrus plagmtor, Praon volucie) of the European Deciduous 
Forest faunistic complex. Such species arc widely distributed and penetrate to the 
northern areas of present day Europe as well. 


344 



- Cuba. The comparison of aphid and parasite fauna of the southern parts of 
N. America, C. America, the West Indies and northern parts of S. America has 
shown that this island as well as some other islands of the West Indies (Puerto Rico) 
have probably played a certain role in the spread of faunistic elements from the north 
to the south. There is no doubt of the influence of both N. and S. American fauna on 
the fauna of Cuba. Nevertheless, the distribution of Lysipldcbus testaedpes — a species 
of clearly Nearctic origin — to the south shows such a kind of migration route. 
Similarly, the spread of Aphis spiraccola to the tropics, a matter of the present day, 
mote or less, is also an indication of the existence of such a migration route Florida - 
West Indies -S. America". As to other research, there is almost entire lack of 
knowledge of the parasites of the northern parts of S. America, so that elucidation of 
those connections has to be left as a problem for further research. 

For comparison, the example of an oceanic island — such as Hawaii — might be 
mentioned. As already mentioned, the presence of certain species in this island shows 
certain influences of faunas through man's agency. Thus, it may be possible that 
similar "route" i.c. directions of faunal influences via man's agency occur in other 
cases, too. Nevertheless, such routes occur today all over the world, although in 
earlier times apparently there was a better possibility for the spread of faunas in such 
a way as mentioned, as today strict quarantine measures have been mostly accepted 
in various countries. 

REFERENCES. 2, 12-15, 4 5, 60-I, 62, 86, ll6, 126, 128, 164, 185, 219, 22 3, 233, 317, 
336. 348, 430-7, 45ri 467. 472. 475, 504. 528-30, 544, 567, 593, 602-4, 621, 658, 660-1, 
669,681,682,691,696,798,829-36,841-3,880,881,896,911, 944, 946, 1006, 1023, 
1047, 1086, 1127-30, 1134, 1164-75, 1183-4, 1215-8, 1224-5, 1 262, 1264, 1268, 1323-4. 
1328, 1336-7. 


Biological Control 

Immigrant pests are generally classified as more useful objects for biological attempts 
than the indigenous pest species. 

In the case of the introduction and establishment of a pest aphid in a new country, 
the indigenous parasites are usually left behind. The adaptanon of indigenous parasites 
may he a slow process. On the one hand, chemicals are applied to control pest 
outbreaks, on the other hand, search for natural enemies is organised, mainly with 
the effou of obtaining parasites from the countries of pest origin and establish them 
in the given country where the pest has gained a new foothold. 

In our opinion, this is only one part of the introduction possibilities. The above 
mentioned generally followed process in search for parasites has been widely discussed 
by BARTLETT and V. d. BOSCH (in DEBACH & SCHLiNGEB, 1964). These authors have also 
recognized the general acceptance of the above mentioned primary rule: natural 
enemies capable of attacking and destroying the pest species in its new home are best 
sought in the land of the pest origin. Nevertheless, they have widely and critically 
commented various other principles connected with foreign exploration of parasites 
(natural enemies). Exclusion of areas other than the native habitat of the pest species 
.cannot be categorically accepted: search for natural enemies can be profitably 
extended to areas other than the native home of the pest species. Introduced pest 
species, too, may acquire effective natural enemies from allied native insect hosts. In 
the importation of exotic beneficial arthropods it is generally felt that the more 
similar the climate of the native home and that of the land of introduction, the 
greater the probability of natural enemy establishment and success. They have 
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mentioned, however, that it is almost impossible to predict exactly how an imported 
species will respond to a new climatic environment. With respect to the activity ofa 
parasite in the distribution area of the pest, the importance for search and collection 
of parasites all over the area of host distribution arc stressed; importation of several 
parasite species is recommended to cover all the diverse habitats of the pest; collection 
in areas of a diverse climate is useful— the more entomophagous species imported and 
the greater their range of climatic adaptation, the greater will be the expected geo- 
graphical extent of biological control in the land of destination. 

Owing to the scope of the compendium mentioned (dluach * sculinglx, 1964). 
which has at first to throw general ideas on biological control as a whole, numerous 
illustrative examples being mentioned, we have derided to check the principles of 
search and introduction of parasites from the view point of our book, to show mainly 
the importance and necessity of approach to search and introduction from the 
standpoint of geographic distribution of parasites (general rules, see; Biological 
control). 

The features of geographic distribution of parasites arc very helpful when a 
parasite introduction program is elaborated; The zonal dependence in parasite dis- 
tribution, the role of geological history, host range of parasite and its role in geo- 
graphic distribution, seem to be most important and valuable. 

- parasite fauna of A given area. The following possibilities in aphid-parasite 
relationship may be recognized with respect to the given area; 

A. No aphidnd parasite in the given area. The pest aphid may be free of parasites 
111 the given area only, or it may be free of aphidnd parasites altogether in the ease 
that it belongs to a group which is completely omitted by apliidiid parasites (Adclgoid 
apluds, etc.). 

B. Indigenous parasites. 

(a) The newly introduced aphid is taxonomically and morphologically related to 
the host of the indigenous parasites in the given type of habitat. In this ease it is to be 
expected that the indigenous parasites of hosts that arc related to the newly introduced 
aphid will also attack this aphid. It seems to be obvious that the parasitization of a 
newly introduced aphid will also depend on the number and effectiveness of the 
indigenous parasite species present. In ease of the presence ofa relatively high number 
of parasite species, it is more probable that one of the indigenous species will also 
attack and successfully parasitize the newly introduced host in the given community, 
especially if the new host species is related both taxonomically and morphologically 
to its indigenous host aphid species. Many Aphis-hke aphids can be mentioned as an 
example. Various degree of adaptation of the native parasites may naturally be 
recognized (Example : Chrowaphis juglaiidtcola, indigenous and introduced parasites in 
Ncarctic America). 

(b) The newly introduced aphid is too far from the specificity range of indigenous 
parasites. In this ease the aphid may be left unparasmzed and a possible outbreak on 
cultivated plants may be expected. Example Thenoaphts trifolti in California, etc.). 

C. Parasites introduced accidentally and simultaneously with the aphid in the new 
country. Example : Brevtcoryne brassicae ahd ns cosmopolitan parasite Diaeretiella lapae. 

Because of the factors that influence the spread of aphids (air streams, human 
agency, etc.), their indigenous parasites may spread in a similar way. Examples might 
be mentioned when an aphid species and strictly specialized parasites were found in 
isolated islands, far from their native home. With respect to the accidental introduc- 
tion the following possibilities ma> be recognized: 

(a) Parasites are effective species 

a In the former, but need not be in the new country. 

346 



b. Both in the former and in the new country. In this ease the aphid may also 
be held below economic importance level in the new country. 

(b) Parasites are not effective species. 

a. In the former country, but need not be in the new country. 

b. Both in the former and in the new country. 

D. Introduced parasites — purposeful introduction for biological control. The 
parasites are introduced into a given country in ease: 

(a) No parasites arc present. 

(b) No effective parasites (indigenous or simultaneously introduced present). 

(c) Effective parasites present, the aphid because of seasonal history' etc., is not 
controlled in a certain part of the season (pest). 

(d) Effective parasites present, the pest aphid controlled on the given crop under 
economic injury' level; the aplud causes also other damage (virus vector) oil other 
crops, though being less in number. 

- aphid spread. The aphids may spread in a natural way or they may be introduced. 
In both cases the economic importance can be the same (Figs. 282-290). 

Nevertheless, in ease that an aphid species spreads gradually enlarging its area of 
distribution, the parasites usually follow it, they may or may not exhibit the same or 
similar features as in the original area. Sometimes, the aphid area may be relatively 
smaller than the area of its parasites. For example, in Ncarctic America (the general 
distribution area of the aplud is not mentioned) the area of Lysiphlcbus testaccipes is 
more widespread than that of Aphis spiraccola. The parasite covers the whole Ncarctic 
America, C. America, West Indies and some areas of S. America as well, while the 
aphid spread to the tropics probably only m the thirties, being naturally found to be 
attached by the parasite in all the new countries. 

The spreading aphid may have a different ccononuc importance too. Aphis spiraccola 
has become an important pest of Citrus growing areas, and a widely specialized pest 
in tropical areas, being, however, not classified as a serious pest in the north. Aplud 
outbreaks known in case of the aphid arc seemingly caused by local low efficiency of 
the parasites, not by their host specificity range. 

If the aphid species spreads out of the distribution area of its parasite, there is a 
possibility of serious and almost perpetual occurrence and aphid outbreak in the new 
territories, if other factors (climate, host plants, etc.) permit. Just the overrunning of 
a geographic barrier (ocean), usually due to man's activity’, may result 111 outbreaks of 
pest aphids introduced. A number of introduced pest apluds into Ncarctic America 
may be mentioned as examples (Thcrioaphis tnfohi, Acyrthosiphon pismn , Chromaphis 
iuglandicola, etc.). 

The spreading aphid species comes sooner or later into contact with ccrtam 
faumstic complexes of parasites. We have selected several remarkable examples to 
illustrate such types of aphid spread in relation to parasites. Naturally, the examples 
mentioned cannot cover the extreme variability of aphids as to their distribution 
patterns and history. 

i. Eriosoma laiiigcmm (Fig. 282) 

Being N.-American in origin, it has spread almost all over tlie world. Aphidiid 
parasites of this aphid have been unknown from the U.S.A. up till now. The aphid 
was introduced at the end of the 18th and at the beginning of the 19th century to 
Europe, apparently with no aphidiid parasites. In 1926 waterston described a new 
species of Praoit parasite from Gr. Britain, which was originally mentioned as a 
parasite of E. lanigcrunt. Nevertheless, further research of the aphidiid parasites m 
Europe has shown that the parasite — Areopraon lepelleyi — is a typical species para- 
sitizing the Schizoiteura and Eriosoma aphids which are responsible for producing 




Fig. 282. Distribution of Eriosoma lanigerum (after Distribution Maps of Insect Pests, 
A, 17. Commonwealth Inst, of Entomology). 


various galls in Ulmus in the spring months. There can be no doubt, therefore, that 
the parasite adapted very early to parasitism of the E. lanigerum aphid, as it was a 
species related to its hosts both taxonomically and perhaps ecologically as well, 
although not being a gall aphid; nevertheless, the strong wax cover and character of 
the colonics were apparently useful for the parasite. This seems to be mentioned as 
an example of how an aphid may become an accidentally introduced member of new 
communities, and how the native parasites may become adapted to it. It is necessary 
to add that we have been unable to rear the parasite mentioned from E. lanigerum in 
other localities in Europe, so that the parasitism docs not seem to be quite common in 
Europe as^ct. Nevertheless, the original material of waterston is well preserved m 
the British Museum collections, so that a misunderstanding — due to the apparent 
distinguishing characters as well — is almost excluded. 

2. Thenoaphts tnfala (Fig. 285) 

This aphid has occurred primarily in the semi-desert and steppe zone of the Old 
World. Recently, it was introduced into the U.S.A. and has become a serious pest. 
Because of the taxonomic isolation and absence of similar parasites in the U.S.A., 
California, it soon caused heavy damage to alfalfa. Today the aphid is successfully 
controlled by the aphidud parasites— besides other natural enemies— that were 
introduced from the Old World, the conditions, therefore, sccmineW berne similar 
to those of the Old World. 

J. Toxoptera atnodus (Fig. 284) 

This aphid is primarily connected with the tropical rain forest, attached to the 
tropical belt. It has not followed the Citrus growth into the subtropical countries, as 
for example T.anronm has, but it is a serious pc«— being a virus vector namely— of 
Citrus m tropical countries Aphidud parasites of this aphid are almost unknown. 
This is probabl) due to the poor level of research, as the aphid docs not seem to 
represent an isolated group Further research and eventual unnatural host propagation 
is ticccssarv 
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Kg. 283. Distribution of Thcrioaphis irifolu (= maathta lickt.) (after Distribution Maps 
of Insect Pests, A, 126. Commonwealth Inst, of Entomology). 
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Fig. 285. Distribution of Toxopiera auranlii (after Distribution Maps of Insect Pests, 
A, 131. Commonwealth Inst, of Entomology). 


4. Toxopiera aurantii (Fig. 285). 

The aphid is attached primarily to the tropical districts of south-eastern Asia. 
Contrary to T. citrindut it has followed the Citrus and become established m quite a 
number of both subtropical and tropical countries. It is a typical pan-sub-tropical and 
-tropical pest. 

It is an illustrative example of the application offaunisnc complexes classification 
to biological control praxis (Fig. 290). Being primarily a south-eastern Asian aphid 
species, and having spread to other parts of the world, it is attacked by various 
parasite complexes, besidcsits native parasite complex in south-east Asia, in southern 
Europe, Ncarctic America, S. America, etc., the possibilities of mutual introductions 
of parasites being wide. Moreover, its parasites attack a number of other aphids too, 
so that the biological control may cover several pest and other aphids simultaneously. 

5. Aphis gossypti (Fig. 286). 

It is a member of a very numerous aphid genus Aphis, being distributed in various 
countries of temperate, subtropical and tropical climatic belts. It is attacked by 
vanous parasite complexes in various parts of the world. Again, there is a wide 
possibility of the application of research offaunisnc complexes of parasites. Similarly 
as m Toxopiera aurmitt, its parasites attack also other pest aphids of the Aphidine 
group. 


6 . Brevteoryne brass irae (Fig. 287) 

Thu is a type of a Epical cosmopolitan aphid that was introduced or spread 
accidentally almost to all countries. It » a My zinc aphid, its relatives being parasitized 
by many parasite species Due probabls to it, ecology (wax covets, etc.), the aphid is 
attacked by comparatively few aphid parasites, Diaerenella rapae being the most 
common an most w ideh distributed In this case, the influence of faunisuc com- 
p exes is not so remarkable Although the aphid is attacked by various parasites in 
different countries, th» seem, to be more a matter of host preference. 
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Fig. 286. Distribution of Aphis gossypn (after Distribution Maps of Insect Pests, 
A, 18. Commonwealth Inst, of Entomology). 


7. Rliopalosiphum waidis (Fig. 288) (seasonal spread northwards). 

In tliis case, we do not want to deal with the pan-sub- and pan-tropical distribution 
of the aphid, which seems to exhibit similar host - parasite complex relations as c.g. 
AphU gossypii, etc. Rliopalosiphum 111 aidis, as mentioned by various authors (sec 
muller, 1966), is limited to a moderate-tropical zone, being unable to overwinter in 
northern areas with severe winter conditions; however, 111 spring mass dispersal of 
aphids to the north had been observed, heavy infestation of Indian com (Zca mays) 
and damage being caused during the season; nevertheless, the aphids did not over- 
winter, new mass flight following the next spring from southern areas. This means 
that BJu nviidii might seasonally fall under the influence of parasites in the northern 
areas, the parasites belonging possibly to other complexes than the parasites ui the 
south. Unfortunately, we have no respective records on parasites of the aphid m 
northern-southern areas ofEurope and Nearctic America. 

Thenoaphis trifolii was a similar example, nevertheless, it is mentioned as exhibiting 
more adaptive features and overwintering (some populations) in egg stage m the 
northern areas of the U.S.A. (see: Thenoaphis trifolii biol. control). 

- VARIATION in pest aphid fauna. It is generally known that the composition of 
aphid pests of separate crops may vary m dependence on the area. There are cosmo- 
politan species, or species restricted to a climatic belt— tropicopolits, subtropicopo- 
ius, etc., besides area-restricted hosts. 

The variation of pest aphid fauna correspondingly conditions the variation of 
composition and significance of separate parasite species in various areas. 

Practically each crop represents a separate case, no generalization is possible. 
Aphid pests attacking cotton, sugar cane, citrus, com, vegetables, fruit trees, etc., 
might be mentioned as rich sources of information and illustration. 

Furthermore, the same pest species can be of different economic significance in 
various areas. The geographically dependent role of aphids as pests is important 
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Fig. 287. Distribution of Brevicorync brasstcae (after Distribution Maps of Insect Pests, 
A, 37. Commonwealth Inst, of Entomology). 



Fig. 288. Distribution of Rhopalosiphum ma!J,s (after Distribution Maps of Insect Pests, 
A, 67. Common'* calth Inst, of Entomology). 




witli respect to the role of parasites as well. The parasites may play a different role as 
agents in limiting or controlling certain pest aphids in various parts of their distribu- 
tion area. All the parasites that attack a given pest, disregarding the role of the aphid 
in a given area, must be taken into consideration. If an aphid is not a pest in a given 
district, this may be due cither to generally unfavourable environmental conditions 
for the aphid in the given district, or due to the successful limitation of tliis aphid by 
natural enemies (inch parasites). Such a situation must be evaluated at least generally, 
when a biological control program is elaborated. 

— significance. The classification of faunistic complexes of parasites is rather 
important for the biological control of aphids, in the initial phases of the biological 
control program for example. In the ease of a widely distributed aphid (Fig. 289) it is 
necessary to bear in mind that this 3 phid has its native home (country O), where it is 
attacked by indigenous parasite complexes. But, because of the spread, the aphid 
gradually occurs in other territories and thus comes into touch with other faunistic 
complexes of parasites (country A). If it is related to aphid species of country '* A”, it is 
probable that it will be attacked by the indigenous parasites of country "A”. Thus, 
the cosmopolitan aphid can be attacked by different parasite complexes in various 
parts of its distribution area. Several cases are known, for example: Aphis spiraccola, 
A. craccivora, A. gostypii , Toxoptera aurcuitii (Fig. 290). Knowing the faunistic com- 
plexes and the taxonomy and ecology of the pest aphid, we can cither presume 
which species will attack the pest aphid in its new distribution area, or introduce 
such a species from various countries and use them in an unnatural host propagation 
program. 

The knowledge of faunistic complexesof parasites, peculiarities of their distribution, 
permit the elaboration of introductory aplud control m such areas where the pest 
aphids damage various crops, and where the effectiveness of indigenous parasites is 
very low or where they are almost absent. In island communities, in oceanic islands 
namely, such circumstances can be found. Moreover, the accidental development of 
the composition of host aphid-parasites in (oceanic) islands clearly shows tliat the 
main difference between oceanic islands and continental faunas are food chains com- 
posed of members of various origin which are not found m the continents. Therefore, 
similar artificial creation of food chains can be the task of biological control work, 
nevertheless, contrary to incidental creation, they must be composed of carefully 
selected parasite species. A similar task fot biological control work seems to occur m 
ecological” islands, such as may represent extensive crop plantations in newly 
cultivated desert areas, etc. According to pearson (1958), e.g., the major pest aphid 
of cotton plantations m tropical Africa is Aphis gossypii, only one AphiJitis sp. 
occurring rarely as its parasite in. these districts, although the aphid is heavily para- 
sitized by certain parasites in other cotton growing areas, c.g. in Nearctic America. 
A biological control program should result m selection and introduction of effective 
species from suitable districts (e.g. introduction of Lysiphlebtis testaceipes from the 
Nearctics). An artificial food chain is also created when introducing foreign parasite 
species to control indigenous pest aphids in a given country. Similarly, ifan introduced 
pest aphid species is attacked by indigenous parasites, new (accidental) food chains 
appear, being possibly completed by purposeful introduction of some foreign 
parasites (e.g. Acyrthasiphon pi sum in Nearctic America, its indigenous parasites in 
this area and introduction of Aphidius sntithi from India to Nearctic America). 
Introduction of foreign parasite species (from the pest’s native country) to control an 
introduced pest in a new country does not represent a creation of a new chain, but a 
transferring of an existing and known chain to a new area (e g. Therioaphis trijolii in 
Nearctic America and introduced parasites Trioxys complanatus and Praon exotetim). 
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Fig. 289. Parasite introduction scheme. 

- basic bules. The influence of geological periods on the floras and aphid and 
parasite faunas has caused the formation of separate faunistic complexes of aphidtid 
parasites of today. 

Every parasite species has to be classified as a member of a certain faunistic complex, 
thus enabling certain theoretical conclusions as to its spread and occurrence. 

Parasites arc primarily attached to certain Honsttc zones, not to continents. 

Vertical zonation of parasite corresponds to vertical zonation of separate Holistic 
formations. 

Classification of faunistic complexes and their mutual relations enable the identifi- 
cation of the zone of possible distribution which is of great importance for the 
selection of parasite species for introduction. 

The microclimate is rather important. U determines the distribution of parasites m 
the limits of a given flonstic zone. 

The systematical and ecological vicanancy of species of different faunistic com- 
plexes shows the importance of research of centers of origin, centers of distribution, 
host ecology, etc., for the classification of phytogeny of parasites and derivate 
classification of ihc separate species for biological control purposes. 

The Far East, Europe, Nearctic America, arc the three known mam centers of 
parasite group development. Of these, the Far East is the most ancient. The Far East 
and Europe arc connected, the Nearctic fauna is isolated except for the circumpolar 
Holarctic Forest Tundra zone, the elements of which apparently invaded the 
Nearctics from Europe via Iceland, being followed (possibly) by some species of the 
European Deciduous Forest complex. 

Responses to the influence of changes in environmental conditions can be different 
in hosts and parasites. No phytogeny parallelism rule can be applied except in some 
cases. Taxonomic, phylogenetic, ecological classification of the host, similarly at it* 
geographic distribution classification are the basic principles. 

The history of spread of the crop ma> be useful. 






Fig. 290. Distribution of Toxoptera auranlii and its parasites. 



The introduction of the parasite from the “native home” of the pest for the 
biological control of the given pest in a new territory is only a part of the introducto- 
ry possibilities. 

Parasites of separate faunistic complexes that attack the pest aphid in various parts 
of its distribution area may be of the same or greater importance than the primary 
indigenous parasites. 

The aphid pest comes into contact with vanous faunistic complexes of parasites in 
various parts ofits distribution area. 

Parasites that arc little effective in their native country may be very effective as 
introduced species. 

Widely specialized parasite species arc rather suitable for introduction. They arc 
on the one hand usually more plastic ecologically (wide host range, various habitats), 
on the other hand they usually successfully attack other hosts in the new environ- 
ment in ease of the pest aphid host absence. 

The knowledge of habitat in different species is very' important. The species has to 
be introduced to the same or at least to a similar habitat as in the country' of origin. 
The knowledge of habitat is useful for the distinguishing of the sibling spcocs. 

Parasites occurring in coniferous and deciduous forests represent primarily strictly 
different complexes. Parasites of deciduous forest aphids have partly strong phylo- 
gcnctical connections with the steppe species, the fauna of today is, however, 
different. 

Deciduous forest complex parasites may penetrate far to the steppe zone following 
the deciduous forest elements. 

Tropical conditions are specific, both because of parasitephy logeny and occurrence. 
Generally, species of the temperate and subtropical areas may be useful in biological 
control of pest aphids in the tropics (paruropical and cosmopolitan pest aphids). 

The spread of an aphid from the distribution area is especially dangerous in case 
of old and isolated groups of aphids with specialized parasite complexes. In case of a 
member of a large and numerous aphid group, the possibility of successful adapta- 
tion of members of faunistic complexes of parasites in the new district of aphid area 
is more probable. 

North-South introduction is recommended. 

In widely specialized parasite species that arc usually widely dismbuied, it is 
recommended to select the populations of a similar climatic belt which arc also 
adapted to the aphid or its close relatives. 

In the area of distribution the separate parasite populations may exhibit charactem- 
nc fciiurcs (seasonal arrested states in development, parthenogenesis). Careful 
selection is necessary, the mentioned peculiarities may have a positive or an adverse 
role in biological control praxis. 

Seasonal dependence. Population of parasites taken in different seasons rnay be 
diifcrent as to their responses to temperature and rclauvchumiJity conditions. 

It is useful to unify the biological control of several pest aphids simultaneously. 
The aphid may be a pest as a sucking species m one crop, being a virus vector in 
another, with vanous degrees of importance. A multilateral aphid control concept 
has to be applied. 

The parasite has to be introduced both in the natural community where the pest 
occurs and in the field conditions. 

The cluuftc.uon of f.unmit complex end ho« ,peaf,c.ty Inowiedge of the 
pereutc eneble the elebotetton of 1U r „beb!e r „ „ xic „ cw 
{.pteed, ucemttnee. eltamtt.e horn), elthottgl, no deftntte .newer an be given 
lefote the [ue.ttte t. teelly uretewfull, ewebltehed the new environment. 
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Biological control of aphids in oceanic islands, due to the tropical climate, compo- 
sition of aphid fauna, is a rather suitable subject for biological control of apliids by 
parasites. 

Arid zone problems. The irrigation of arid zone districts causes a change of climate 
to accrnan degree. It is probable that species of the temperate zone might be success- 
fully established here as well. 

- examples. It seems necessary to add that the evaluation of inter-relationship of 
the separate pests to the environment — botli to wild plants and cultivated crops 
—has indirectly caused our elaboration of the Multilateral aphid control concept. 
As a result, biological control of an aphid pest on several crops simultaneously 
seems to be possible, similarly as biological control of several pest aphids by a single 
parasite species. In some cases in strictly specialized pests and strictly specialized pa- 
rasites the viewpoint of the crops and that of the pest may be identical, for example 
alfalfa and ThcrioapJtis trifolii. 

Nevertheless, further details on these aspects being mentioned in the biological 
control chapter, the initial stages of the biological control program remain the same, 
and it is just the purpose of this paragraph to show the significance of knowledge of 
the geographic distribution of parasites in the biological control program. 

- Citrus. It is generally believed that all the various species of Citrus arc native 
mostly in the subtropical and tropical regions of south-east Asia, from where they 
have spread through man s agency to other districts of their present distribution area. 
The following main pest aphid species were found to attack Citrus: Aphis craccivora, 
A. spiraccola, A. gossypii, Alyzus persicae, Toxoptcra auraiitii, T. citricidus. 

The biological features of Citrus determine also the infestation by the pest aphids. 
It is preferred mosdy by a forest-type habitat inliabmng species, such as Toxoptera 
auraiitii and T. citricidus, who seem to be native pests of Citrus in its home, south-east 
Asia, while the other apliids, being apparently adapted secondarily to tropical 
conditions, attack Citrus in the same way as other crops. 

A phis cracc ivora. Its origin is unclear, probably steppe areas of the Palearctic region. 
It is 'widely distributed, almost cosmopolitan. Habitat: Temperate to subtropical 
zone, it prefers habitats of steppe type, being common m fields, penetrating to forest- 
steppe and farmland, parks, etc. Everywhere in the tropics, from savannah to tropical 
rain forest. Host range: It prefers leguminous crops, but attacks a number of other 
crops and plants as well. Classification of parasite species-fa uni Stic complexes: Far 
Eastern Deciduous Forest — Ephedrus persicae, European Deciduous Forest - Lysi- 
phlebus ambigutts, Praon abjection, Pr. valucre, Trioxys angelicac, Eurasian Steppes - 
Lipolexis gracilis, Lysiphlebus fabarum, Trioxys acalephae, Nearctic Steppes - Lysiphlebus 
testaceipcs. Selection of species to introduce: Lipolexis gracilis, Lysiphlebus ambiguus, 
L. fabarum, L. testaceipes, Praon abjection, Trioxys acalephae, Tr. angelicae . Unnatural 
host propagation recommendations: Lysiphlebia japonica. Ephedras plagiator. 

Aphis goss ypii. Its origin is unclear, probably steppe areas of the Palearctic region. 
Almost cosmopolitan, with the exception of the northern parts. Habitat: widely 
eury topic species, in the temperate and subtropical zone in steppe type habitats. Host 
range: Widely polyphagous. Classification of parasite species - faunistic complexes: 
Far Eastern Deciduous Forest - Ephedras persicae, E. pi aviator, Lysiphlebia japonica, 
Aphiditis gifiiensis, Eurasian Steppes— Lipolexis gracilis, Lysiphlebus fabarum, Nearctic 
Steppes - Lysiphlebus testaceipes. Selection of species to introduce: Aphiditis gifuensis, 
Lipolexis gracilis, Lysiphlebus fabarum, L. testaceipes. Unnatural host propagation - 
recommendations : Trioxys acalephae, Lysiphlebus ambiguus. 

Aphis spiraccola. Its origin is not dear, probably Nearctic America or the Far East. 
Distribution : C. and S. Europe, N. America, West Indies, S. America (parts). Far 
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East, south eastern Asia. Habitat: Temperate and subtropical zone - forest type and 
steppe habitats (dioecious), in tropics — everywhere, from savannah to ram forest 
rone. Host range: Widely polyphagous species, in the tropics namely. Classification 
of parasite species-faunistic complexes: Far Eastern Deciduous Forest — Ephedrtis per- 
sicae, E. plagiator, Lysiphlebia japouica, Praon onentale, Eurasian Steppes — Lipolexis 
gracilis, Ncarctic Steppes — Lysiphlebus testaceipes, Selection of species to introduce: 
Lipolexis gracilis, Lysiphlebia japouica , L testaceipes, probably also Ephedras spp., Praon 
orientate. Unnatural host propagation: Lysiphlebus ambiguus, Trioxys angelicae, Tr. 
acalephae, Praon abjection, Pr. volucre. 

Myzus persicae. Its origin is unclear. Distribution: Cosmopolitan, except the 
northern areas. Habitat: Widely curytopic. Temperate and subtropical zone - mostly 
in steppe habitats, penetrating in parks and orchards (dioecious), in tropics — every- 
where. Host range: Widely polyphagous. Classification of species-faunistic com- 
plexes: European Deciduous Forest - Praon volucre, Trioxys angelicae, Far Eastern 
Deciduous Forest — Aphidius gifuensis, Ephedrus persicae, E. plagiator, Lysiphlebia 
japouica, Praon onentale, Eurasian Steppes - Aphidius matricariae, A. picipes, Diaereticlla 
rapae, Lipolexis gracilis, Ncarctic Steppes - Lysiphlebus testaceipes, Praon aguti, Pr, 
simulant. Selection of species to introduce: Aphidius gifuensis, A. matricariae, A. picipes, 
Diaercliella rapae, Ephedrus persicae, Lipolexis gracilis, Lysiphlebia japouica, etc. Un- 
natural host propagation: Various members of the Myzine groups of aphids arc 
attacked by a number of aphidud parasites. Unnatural host propagation might be 
useful in some cases. 

Toxoptera anratitii. A member of a smaller genus of the Aphidinc aphids. Origin: 
South-east Asia. Distribution: Pan-tropical and subtropical species. Habitat: Forest 
type habitats (subtropical, tropical, etc.). Host range: A widely specialized species in 
the tropics, it follows the Citrus spread into the subtropics, where it attacks a certain 
number of other plants as Thca, Camclu, etc., nevertheless, in the northern areas it is 
more strictly specialized. Classification of parasite sperics-faunisric complexes: Far 
Eastern Deciduous Forest - Ephedrus persicae, European Deciduous Forest -Lysi- 
phlcbits ambiguus, Trioxys angelicae, Eurasian Steppes - Lipolexis gracilis, Lysipklebus 
fabarum, Ncarctic Steppes - Lysiphlebus testaceipes. Selection of species to introduce: 
Ephedrus persicae, Lipolexis gracilis, Lysiphlebus ambiguus, L. testaceipes, Trioxys ange- 
Ucac. Unnatural host propagation recommendations : Parasites ofthc Aphidinc aphids 
(Trioxys acalephae, etc.). 

Toxoptera cirricidus. Its origin it in tropical areas of south-east Asia. Distribution: 
Tropical belt ofthc world (America, Africa, Pacific Islands, Australia, Japan, China, 
cic.). Habitat : Primarily tropical rain forest, penetrating into cultivated habitats of 
similar character. Host range: It prefers Citrus species, but attacks also some other 
plants (the Ikutaccac). Classification of spccics-faunistic complexes: Not known 
because of insufficient knowledge. Selection ofspccics to introduce: Unknown due to 
lack of knowledge. Unnatural host propagation: Numerous parasites ofthc Aphi- 
dine group might be useful. 

— Cojfre and cocoa. (S. America and the West Indies) Theobroma cacao, a member 
of the family Stcrculiaccae, is believed to be indigenous in tropical America, having 
originated north ofthc equator. It is distributed and grown today in many parts of 
the world, the most extensive cultivation being in West Afncan countries. 

Cotfca arabica, a member of the family Rubiaccae, is apparently indigenous to 
tropical Africa his widcl> distributed and cultivated today, namely, in S. America, 
C. America, the West indies, cast Africa, south-east Asia, etc. 

Doth cocoa and coffee plants are the indigenous members of a tropical ram forest 
community, other of Afncan or $. Amcncan type. 



Two pest aphid species arc generally mentioned as the pests: Toxoptcra aurautii 
and Aphis gossypii, to a lesser degree A. eraedvora, A. spiraceola etc., may also be 
mentioned. Generally, the pest complex is almost identical with that of Citrus crops, 
so that no more detailed records on parasites arc mentioned here (see above. Citrus). 
- Alfalfa. This and the following research project have been dealt with indepen- 
dently by American authors. 

Therioaphis trifohi is an introduced pest into the U.S.A. Search for parasites was 
undertaken in the Old World districts, in the Mediterranean and its neighbourhood, 
to ascertain the composition of the parasites attacking the pest in its native country. 
The pest aphid is practically restricted to the stcppc-scmidcscrt areas of the Old 
World, so that it seems to be attacked by some specialized members of the Eurasian 
Steppes faunistic complex. The search was successful, three parasite species, two of 
them being aphidiids, were found, introduced and successfully established in Cali- 
fornia. With respect to the work of Californian authors and valuable results obtained, 
it seems probable that parasite populations obtained from C. Asian deserts, which 
exhibit more severe conditions as to the cool winter namely, would apparently be 
also useful, they might occur m such districts m California where the Middle East 
parasite populations fail to establish. 

Acyrthosiphon pisuin, another introduced pest, is successfully controlled by an intro- 
duced Indian parasite, Apltidius smithi, in some areas of California, its establishment 
m some districts seems to be impossible due to extreme climatic conditions. In our 
opinion, the other parasites such as A. ervi, their populations from Europe and 
C. Asia, might be useful in covering the existing gaps in the present day biological 
control of the pest ill California. 

- IVahiut. Chromaphis juglattdicola is an introduced aplud, being found a pest in 
some areas of California, U.S.A. The American workers have introduced and success- 
fully established the parasite Trioxys palltdits in California, the material being ob- 
tained in southern France. In our opinion, search for parasites of Chr. jtiglandicola in 
all European Deciduous Forest areas would be necessary to establish the full complex 
of parasites: at least Praoii flat’inodc, co-existing with Trioxys pallidus in the mentioned 
zone as a parasite of various forest Callaphidid aphids, would be recommended to be 
introduced as well. Moreover, parasite populations from C. Asia might apparently 
exhibit valuable specific features as to the adaptation to extreme conditions of 
climate. 

- further research. We believe that one of the main tasks of the basic research on 
geographic distribution of parasites is to ascertain the composition of parasites in 
various parts of the world, the results being applied m elaborating the Biological 
control programs. 

Both economically -valuable and “indifferent” species, i.e. the parasite groups as a 
whole, must be dealt with, as only such research work may result in useful generaliza- 
tion and elaboration of rules for uitroducdon work in biological control. 

The research of faumstic complexes of parasites seems to be most helpful in the 
case of biological control of cosmopolitan and widely distributed species. In the case 
of specialized aphid pests, the classification may enable, at least, to give general 
characteristics of the species. 

References. Note: References on islands are not included. 8, 10, 17-8, 28, 35-tS, 42, 
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CHAPTER. IX 


Foci in Nature 


The classification of foci is one of the rather specialized topics of ecological research 
of the aphid parasites, we might really say one of the conclusive points of field 
ecology research. A good knowledge of taxonomy, bionomics, host specificity, 
distribution, dispersal, host-parasite relationship, community structure, etc., is essen- 
tial before such research can be undertaken. Applied research work, connected either 
with indigenous or introduced species, must also start from classifying the existing 
or expected relations of a parasite species studied in the environment. 

The classification and research of foci of aphid parasites is a new research trend, 
being dealt with by the author since about 1959, while incidental approach with no 
detailed and comprehensive classification can be found in papers of various authors 
(see below). The research of foci is a trend which is both luglily required and stimu- 
lated by the applied research of today. 

The occurrence of parasites in various environments has been an object of research 
by many workers. However, especially in the earlier years, no systematic study was 
undertaken, the problem being touched on mostly incidentally. It is just the recent 
period with an integrated control program which stresses the necessity of knowledge 
of the occurrence of natural enemies in the controlled areas. Therefore it seems to be 
useful to present in this book a brief review of opinions. 

spencer (1926) listed in a scheme the interrelations of aphids, their parasites 
and hyperparasites on different crops, showuig the uuerrelations of the fauna of 
different crops as well; non-cultivated lands, however, were not dealt with, the crops 
and non-cultivated lands being separated by this way. 

Although dealing with Eiirarjid-paiasite of O regina lamgera, hazelhofe (1929) was 
apparently the first who recognized the significance of certain sources of aphid 
parasites in nature in connection with their dispersal to old and young fields of sugar 
cane in Java. 

fluke (1929) lias recognized, in connection with the research of natural enemies of 
Acyrthosiphon pistttn, that a small field of peas near an open wood was practically free 
from aphids, the syrpliid larvae and eggs being common. Another field, which, was 
situated at a close distance but surrounded by cultivated land, pastures or bare fields, 
was exceedingly heavily attacked by aphids. His observations are rather valuable, 
although another situation would apparently occur with respect to parasites. Pea, an 
annual crop, would be inhabited by parasites only gradually via their dispersal from 
perennial field communities (alfalfa fields), there being no relation of these parasites 
to wood communities. 

Marco v it ch (1935) found the problem of maintaining a relatively high level of 
parasites and predators through the management of the environmental factors to be 
of basic importance, as without realizing it, the environment is constantly changed 



by the farmer by crop rotation, planting data, etc. Thus, marcovitch has recognized 
the difference and situation which exists in stable and unstable environments, as we 
call them today. In this connection, he made some experiments on the value of strip 
farming of various crops such as turnips, beans, peas, com, cotton, cowpeas, okra, 
cucumbers and watermelons, in order to ascertain their significance as to the occur- 
rence and dispersal of natural enemies of aphids, some plants being selected as more 
valuable than others owing to their attraction to insects through the supply of nectar 
or pollen or the presence of various host insects and their natural enemies. Naturally, 
there being no detailed records on the host range of separate parasite species, the 
relationship of these plants with respect to parasites was not dealt with except in a 
few eases. 

PEAlRS (1947) has proposed a clean culture of crops and recommended the destruc- 
tion of weeds and hedgerows surrounding the crop. This opinion seems to he rather 
isolated and perhaps not well documented by the detailed research of conditions 
occurring in field environments. 

During the research of parasites of potato aphids in England dunn ( 1949) nicely 
separated the experimental plots situated in a garden and in fields showing that an 
increased number of host plants for both potato and other aphids, found in the 
garden, resulted in a wider range of aphidophagous insects and produced artificial 
conditions not met with in the field. This author, therefore, has stressed the difference 
between communities with respect to plant diversity, as well as the significance of 
interrelations among various kinds of habitats. 

telenga (1950) has mentioned the fact that aphids on annual crops arc attacked by 
parasites mostly on the edges of fields, in the neighbourhood of uncultivated areas. 
This observation is undoubtedly valuable. Moreover, telenga dealt with the 
migration of aphids with respect to parasite foci. He believed that parasites of 
migratory aphids are sometimes capable of reaching mass numbers, however, their 
“reservoir” which could exhibit a certain influence in the following year docs not 
originate. He also believed that this is due to the destruction of hibernating parasites 
in annual crops due to tillage in the autumn, telenga, too, expressed the opinion 
that the parasites die in late summer as a result of aphid emigration from the field. 
The latter conclusion disagrees with our observations and opinions and shows the 
ignoring of the basic differences between annual and perennial crops with respect to 
parasite occurrence and in general, not to speak, of the seasonal history of aphids and 
parasites on annual and perennial crops. 

ildotova & rjacuovsky (1954) recognized the differences between the degrees of 
parasitism of Atytthosiphon pisuin by AphiJius ervt on perennial (alfalfa) and annual 
crops (pea), being incidentally quite near to pointing out the difference between 
chronical and temporary foci. 

Parasites of Brcvicorytie brass icae in England were dealt with by george (i9$7)- He 
also made observations on the relation of the Dr. brassicae parasites to other aphids attac- 
king adjacent ctops and vice vetsa. Although his observations were not based on the 
knowledge of host range of separate parasite species, his attention paid to the inter- 
relations among the fauna of different fields is rather significant. 

eeton (1958) stressed the significance of hedgerows as a reservoir for enemies and 
parasites of insect and mite pests of crops. 

s colag (1959) when studying the dynamics of Brevuorync brassicae and its parasite 
DuurctteUarapac m Germany, found that there is almost a complete isolation of the 
parasite and host in spang. The parasite disperses rather slowly from separate contact 
points (1 c. too — author’s note). 

LUZiiETSiu (i960) has recognized the character of the distnbution of parasites in 
Jfil 



of various authors. 

Biocenosis is a complex of organisms inhabiting a certain habitat. A special type of 
biocenosis associated with field crops is called agrobioccnosis or agroccosystcm. 
Habitat is a place inhabited by a certain biocenosis. 

Focus of an aphid parasite can be classified as a part ofa biogcoccnosis, characterized 
by more or less characteristic habitats and by the presence of biocenosis to which the 
parasite and its host aphid(s) belong. 

The idea of parasite foci is not new. As we liave already mentioned, various 
attemps can be found in the literature to give corresponding names or classification, 
the “reservoir” or “refugium” being most commonly used. It is necessary, therefore, 
to explain our classification proposed in 1964 as well as to mention the reasons why 
the terms used by the authors were not accepted. 

Refugia.Whcn classifying the trends in applied biological control, beirne (1962) 
mentioned the intensification of biological control as 011c of the trends. “Refuges” 
were discussed as “reservoirs for natural enemies, where they can survive disruptions 
of nearby cultivated areas, where there arc alternative hosts for those parasites that 
need them, where there arc alternative foods on wluch polyphagous species can 
survive in the temporary absence or scarcity of pest species, and where hibernation 
sites, nesting sites, and other necessities for development exist. Thus the establishment 
of suitable refuges should enable natural enemies that are not host-specific to be 
utilized effectively m biological control attempts and thus may be biological control 
of pests on annual plants”. 

The term "refugium” seems to be mostly used and well defined in zoogeography, 
especially in connection with the survival of certain faunas in certain places in case of 
a general succession of the faunas due to climatic and other changes. There is no 
doubt that “refugium” means a place to which a species or a group of animals 
(plants) has retreated for various reasons. Nevertheless, such a classification does not 
seem to fit in many cases, which exist in cultivated lands. If there is a case of cultiva- 
tion of a virgin steppe, some areas are usually left, where the original and typical 
fauna of the steppe occurs, although the neighbouring environments were drastically 
changed; in this case, perhaps, the term “refugium” would perhaps be applicable 
too; we can generally mention the fact that the cultivation of large areas of virgin 
lands seems to have a deep and mosdy suppressive influence on the onginal fauna 
connected with the virgin lands. Nevertheless, most of the species of insects that 
occur in the fields might often survive in a field lfit is not ploughed in the autumn and 
they can be found both in the fields and m the “refugia” throughout the season. 
The tillage suppresses or eradicates certain species in cultivated plots and thus hunts 
their occurrence to the “refugia” only. In this case, however, the places of fallow 
land, roadsides, balks, etc., cannot be classified as refugia. Other species do really try 
to find the uncultivated areas as they represent suitable hibernation sites, etc. Here 
again, the species can occur in the cultivated land during the season, but search for 
a suitable hibernation site in the autumn. The latter does not seem to be a “refugium” 
either as the species may emigrate here also from the virgin land. Similarly, we 
know various cases of crop cultures, which exhibit relatively stable features so that 
parasites can be found perennially' in such communities, there being no need to 
retreat to a “refugium”. Alfalfa fields can be mentioned as a clear example. Tins 
feature is apparent in a strip cutting program, which significantly reduces the influence 
of cutting crops on parasite fauna and crop field equilibrium, being m general 
based on the perenniality of the environment via modifications of agrotechmcal 
activities; in seed alfalfa, where there is no cutting, we can compare the true character 
of such a community. According to our opinion, at least m many cases of crops, we 



have developed certain habitats, mostly unnatural due to monoculture growing, 
which must be inhabited by the parasites every year via dispersal from habitats under 
less cultivation influences. Habitat dependence of parasites here also plays a significant 
role. For example, after clearing a forest and growing cereals on the very same place 
instead, there is no doubt tha t the parasite species were gradually forced to retreat and 
occur m the neighbouring forest or in its remainders in the neighbourhood. But 
what has changed? Our observations on the habitat dependence of parasites have 
shown the strong influence of separate types of habitats. This means that the true 
forest fauna has no relation to the steppe (cereal field) fauna except in ease of obliga- 
tory host alternating aphid species, where parasitization by different parasite com- 
plexes in forest and steppe docs not represent a result of man's action but a result ofa 
general evolutionary trend connected with the occurrence of a drier climate (forest - 
steppe). The forest “rcfugium”, therefore, has generally no connection with the 
new fauna which inhabits the given plot. In cultivating a virgin steppe, of course, 
another situation would develop, as both the virgin and cultivated steppe are habitats 
of the same type, i.c. of “steppe" type. 

The term “rcfugium”, too, seems to bear a passive meaning, as if the parasites 
were forced to occur m such places. Nevertheless, various observations carried out on 
c.g. cultivation of virgin scmidcscrt have shown that many original scmidcscrt 
insects actively attack the crop grown on newly cultivated land, often being followed 
by the parasites, and many of them have become serious pests just for the simple 
reason that the carefully irrigated and grown plants represent a better food source for 
them. This means, to put it briefly, that we have not forced the insects — both the 
pests and their parasites — to retreat to refugia due to cultivation of new lands. 
Dispersal is a typical feature of every species. It would be better to say, therefore, 
that the question is more that of stable and unstable environments (see below). 

Concluding, we should prefer to leave the term “rcfugium” for zoogcographical 
purposes. 

Our classification of foci is more general, covering the whole classification of the 
occurrence and sources of parasites in nature irrespective of whether the parasitic 
species arc economically valuable or indifferent. Various kinds of communities have 
been classified in this connection, showing the various importance of such foci in a 
more or less cultivated landscape as well as in “virgin” land (see below). Therefore, 
while refugia seem to be restricted to cover a ease of the sources of parasites (natural 
enemies) m nearly fully cultivated areas, the foci cover a much wider scope, including 
both the cultivated and virgin environments, classifying them with respect to the 
character of the community, peculiarities of host biology, etc. As we have shown, 
foci (chronic) can be found in fully cultivated areas such as alfalfa fields as well, which 
docs not seem to be true in the case of “refugia”. 

Reservoirs. Reservoirs may be understood as a synonym of refugia mentioned 
above. They arc mostly classified as something more or less stable, of a permanent 
character, from where the parasites can disperse to neighbouring habitats (see: 
mackaulk, in mackauer & stary, 1967)- They arc, therefore, more identical with a 
part of the chrome foci of parasites as defined by the author. Otherwise, the same 
may be said of the reservoirs as of the rcfugiums. 

The research of foci of aphid parasites can be classified as a higher degree of 
faumstic research, being ns necessary part, which is a basis to applied studies on natural 
limitation and aphid control. Naturally, a good level of taxonomic research as well 
as a perfect know ledge of the taxonomy of the group are prerequisites for such a type 
of work. A good knowledge of aphid biology, and praxis m field work is a further 
necessary point of this research work. This all clearly shows tlut the exhaustive 
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research of foci in a given country is a long-term matter; the terms of this research 
can be considerably shortened, however, when the whole problem is correctly 
understood, and the research program is carefully planned. On such a base, at least a 
number of various habitats need not be dealt with, due to our knowledge of the host 
range of separate species, which exhibit similar features in related territories, such as 
European countries. Nevertheless, it must be kept in mind that the host range, both 
as to the habitat and host preference, can exhibit various geographically dependent 
peculiarities. For tins reason, we have decided to deal gradually with the separate 
problems of this kind of research, the methods of research later being summarized in 
a schematical way. 

TYPiFic.vriON. The undermentioned division of the foci is necessary for their rational 
typification to show the peculiarities in some relations ofabiotic, biotic, geographical, 
and of other characters, as well as their origin in relation to the activity of man. 
Various criteria arc used according to which the foci arc divided: 

- Number of parasite species. A. Monospecific focus. It includes only a single parasite 
species, or one parasite spedcs of a given host aphid. 

Example: Acyrthosiphon piston in an alfalfa field can be attacked by AphiJtus erri. 
The alfalfa field therefore, represents a parasite monospecific focus with respect 
to the aphid. 

Truly monospecific fori, i.c. such foci where only just a single parasite species is 
generally present, arc rare, as there are mostly several species of parasites present, 
although they may not ha any interrelations due to their different host range. 

B. Bi- and polyspccific focus. It includes two or more parasite species of a given 
host aphid, or more parasite species of different aphid species. 

Example: Aphis fabae, occurring m forest-type habitats such as edges of woods, 
groves, orchards, etc. in C. Europe is attacked by three parasite species, EpheJrus 
plagiator , Praon abjcctum, Trioxys angclicae. These habitats represent polyspccific foci 
of parasites. 

- Total length of existence. A. Old focus. They arc present in stable environments 
with relatively stable communities. 

Example: Forest, virgin steppe, etc. 

B. Recent focus. They are present in various environments, which have mostly 
originated in connection with the activity of man. 

Example: Ruderal communities, with a rich weed flora and corresponding fauna 
of aphids and parasites. 

Example: Cultivated areas (fields). 

- Character of origin. A. Autochthonous focus. Principally, we have to include in 
this group only such foci which have developed in nature independently of mail’s 
activity: strictly speaking only foci occurring m virgin land areas would be included 
here: 

Example : Virgin desert, virgin steppe, forests, etc , and foci occurring m these 
habitats. 

However, today it is sometimes difficult to separate this kind of foci as they often 
became mixed with the newly formed types of cultivated areas. Nevertheless, their 
research is of basic importance wherever possible as they represent the foundation- 
stone of all the classification of the foci. 

B. Anthropurgic focus. These foci have originated as direct or indirect results of 
mans activity. 

Example: All the cultivated landscape includes such foci: fields, orchards, pathways, 
roadsides, fallow land, ruderals, etc. 
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Example: Colonization of parasites in biological control program can be included 
here as well (confined release, etc.). 

However, this group of foci cannot be strictly divided or classified either. As we 
have mentioned in various chapters, the cultivated landscape is undoubtedly rather 
original in many respects, its fauna— though having a characteristic composition as 
well— has originated from the sources of original virgin landscape. The research of 
the fauna of virgin and cultivated steppes carried out in the U.S.S.R. represents a 
clear demonstration. 

- Length of seasonal existence. A. Temporary focus. The character of such foci with 
respect to their existence during one year is seasonal. They occur for a longer or 
shorter period of the season. 

Example: Groups of Cirsium-plants (weeds) infested by Aphis j abac in cereal fields. 
The aphid is later parasitized by Lysiphlebus faharum, which moves from there after 
the emigration of aphids. 

We presume it is necessary to stress the temporary character of these foci. Many 
authors arc under the impression that the absence of parasites e.g. in cereal fields is 
due to the tillage in the autumn, etc., however, this docs not seem to be a justified 
opinion as the parasites leave the field searching for other aphids in the related envi- 
ronments such as fallow lands, etc., being therefore absent in cereal fields long before 
the fields arc ploughed. 

B. Chronic focus. The chrome foci represent sources of parasites during the whole 
time of their existence. Naturally, this type of foci is influenced seasonally as well 
(population densities, etc.). The stable character of this type of foci is most important. 

Example: Waste places in the neighbourhood of potato fields or rape fields 
(C. Europe) are covered with weeds, e.g. Atriplcx, Chenopodium, etc., the weeds 
mentioned arc infested in addition to other aphids, by Hayhurstia atriplicts, which is 
one of the hosts of Diaeretiella rapae, and the parasite can be found in such places 
throughout the whole season. The parasite, simultaneously, moves from there to 
potatoes and sugar beet fields, where it infests the pest aphid Myzus persicae, or to 
rape fields, where it attacks Brevicoryne brassicae. 

Example: Alfalfa field (C. Europe). It is a perennial community, where Asyrtho- 
siphoit pisnm and its parasite Aphidtus ervi can be found throughout the year. Both 
aphid and parasite overwinter in the field as well, and they both disperse from here 
to leguminous annual crop fields (pea), where their foci arc only temporary (annual 
character-unstable environment). 

It must be added that a parasite species may be present in a chrome focus also in a 
quiescent state during a certain part of the season; then we have to classify the focus 
as a chronic one as well, although it might seem that it is temporary, due to the 
temporary occurrence of parasite adults. Hibernation sites as well as various places 
where diapause cocoons of parasites arc found can be mentioned as examples. 

- Specific composition of parasites. This criterion is of basic significance as on this basis, 
we have to decide whether a parasite focus is useful economically or not. 

A Indifferent focus. Such foci contain parasites of economically indifferent aphids, 
which do not include any economically important aphid species within the range of 
host specificity. 

Example: Waste places or rudcrals covered with Achillea sp., Artemisia sp., or 
Tanacctum sp. These plants have a rather specialized fauna of aphids and parasites, 
which is entirely indifferent to agricultural crops in the neighbourhood. 

B Useful focus. Useful foci include parasites of pest aphids. 

Example: Field boundaries covered with Salvia sp. (C. Europe) plants arc infested 
by Aphis sah'ioe, PI ant a go spp. by Aphis plantagims, etc. ; these aphids are also hosts of 



Lysiphkbns fabarum, Lipolexis gracilis, which parasitizes also quite a number of pest 
aphids (c.g. Aphis fdbex, A. cracavora, Brachycandus cardui), that occur ci titer in the 
area of the given focus or in the neighbouring cultivated areas. 

Example: Arundo donax reeds (S. Europe) arc commonly attacked by Lottgiuitguis 
donacis. The aphid is economically indifferent, but its parasite — Aphid ins tnuiscaspicus 
— is an effective parasite of Hyalopterus pmni that can be found either on Phragmites- 
rccds or on orchard fruit trees (peach) in the neighbourhood. 

C. Noxious focus. The classification of aphid parasite fod as noxious is a subjective 
matter. Some aphids arc important producers of honey-dew. From this viewpoint, 
their parasites could be — and their foci as well — considered as undesirable. 

research. One of the principles of understanding the problems connected with the 
research of fod is to keep them as a part of the biogcoccnosis or ecosystem. Although 
we separate the fod because of methodic reasons in a certain way, the basic con- 
nection is of primary importance. Parasites arc only a part of the food chain con- 
nected with a certain aphid speries. There are also other natural enemies as members 
of the food chain mentioned, there beuig various and changeable relations between 
the members of this food chain in the course of the season with respect to changing 
environmental conditions. A given biocenosis has a certain structure, there arc also 
other food chains and they may exlubit various relations to the given food chain. 

Parasites are a small group of the whole biocenosis, so that the knowledge of their 
relation to the place of the biocenosis’s occurrence, i.c. to the habitat, is necessary. 
Various kinds of habitats exlubit various features and their basic knowledge at least 
is necessary for the classification of fod. Different conditions occur in a forest, in a 
virgin steppe, in a cultivated steppe, in trees and in undergrowth, tn new and old 
orchards, in dry and irrigated land, in annual and perennial crops, etc. 

Fauna of parasites is basically associated with various flonstic zones. The same is 
true of the fod. This means that fod must be principally related to a certain type of 
flonstic community. Further, if necessary, they can be related to separate nnero- 
habitats as well. 

There is no doubt that our classification and the entire foci research is based on 
field observations and their evaluation. For this reason, it would be necessary to 
practically prove whether our presumptions based on field studies are really true and 
tonett. W e could collect identical parasites from different aphids, however, there 
may be certain biological races or strains and the presumptions as to the significance 
of fod would be thrown into doubt. Literary records, such as those of george (1957) 
and sedlag (1959) and our own observations on Myzus persicae parasites ( DiaeretieUa 
rapae ) show really different situations occurring m different countries, though closely 
related geographically. It was ascertained that DiaeretieUa rapae, the main parasite of 
Brevicoryne brassicac , does not attack AXyzus persicae in England, although it did som 
the laboratory (george, 1957). Moreover, sedlag (1959) has shown that both Myzus 
persicae and Brevicoryne brassicae are attacked by the parasite in Germany. We can 
only confirm the observations of sedlag giving in addition the fact that besides the 
two aphids mentioned it is also Hayhurstia atriplicis, a common aphid occurring on 
Chenopodium weed, which is attacked by the parasite. This fact might indicate that 
we must be careful in generalizing and especially in the application of results obtained 
in one country to conditions of another country. Geographical variation m host 
preference is a well known fact. 

We have made a number of tests transferring parasites from one host to another in 
the laboratory to show whether the presumed field relations can be obtained also in 
the laboratory; at least a few of the cases dealt with should be mentioned : 
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Apliidius ervi. It is a common parasite of Acyrthosiphoi t pisum in C. Europe. Faunistic 
research has shown that the species also attacks A spartii on Sarotliamnus scopanus, 
and Murolopkium evansi on Urtica dioica. As both Sarothamnus and Urtica growths 
represent perhaps important fod of the parasite, we tried to prove this through 
laboratory tests using Acyrthosiphon pisum as host. All the tests were positive, the 
parasite attacked and completed its development on the above mentioned hosts in the 
laboratory. These laboratory results supported our original assumption based on 
field observations that Aphiditis ervi attacks all three species of aphids as well as the 
significance of its fod in nature. 

Promt abjectum, Trioxys aitgelicae, Ephedras plagtaeor, Lysiphlebus /alarum, L. ambtguus. 
All these spedes, being mainly parasites of the Aphidinc aphids, were tested in the 
laboratory on the basis of identical prmdplcs in a similar way. Also in these cases the 
laboratory tests verified the field observations. 

Generally, we can only stress the necessity of careful and sufficient extensive field 
observations and additional laboratory tests on the host spccifidty of separate parasite 
species especially m cases of somewhat different geographical areas. Many samples 
taken at various localities will bring at least general data on microhabitat preference 
of separate species as well. 

Interspecific relations existmg in a focus arc determined by the structure of the 
given ecosystem. In this connection, there may be species occurring independently of 
each other in connection with their host range, or— if being parasites of the same 
aphid species— they may stay in cooperation, competition, etc. among themselves or 
with other members of the corresponding food chain such as predators or aphid 
parasites of other groups. 

STABILITY OF ENVIRONMENT 

- Natural ecosystems may be classified as ecosystems that developed in nature during 
the process of evolution irrespective of the influence of man. Today, the truly natural 
ecosystems seem to be comparatively rare. According to SCIimithusen (1961) exten- 
sive natural landscapes can be found only in districts where the conditions of environ- 
ment are not useful or suitable for colonization and civilization by man : Ice and dry 
deserts, high mountain districts, separate districts of tropical and mountain forests, 
and partially also boreal forests and tundras. All the other territories of the earth, the 
grassy districts in the tropics namely, are changed to a high degree by the activity of 
man. In many cases, we can hardly distinguish between the natural and cultivated 
landscape. 

Parasite foci m natural environments arc generally characterized by a more stable 
character, although they can be both chrome and temporary. 

- Cultivated ecosystems or agrocenoses. Specific features or ecosystems that developed 
under the influence of human agriculture were recognized by a number of authors. 
bey-bienko (1962) recognized that the plant cover of an agrobioccnosis differs 
basically from the plant cover of primary ccnoscs by a number of characters: 

I* Thcrc ls only a restricted number of plants in an agrobiocenosc, from which a 
single species represented by the cultivated crop (or thcrc arc several species in mixed 
crops) is the cenotic dominant and constant, the other plants being weeds and they 
ideally should be eliminated or absent. 

2. The resistance of plant cover in an agrobiocenosc is only due to the agricultural 
activity of man The regular reaping of the biological production (harvest) is substi- 
tuted by corresponding agrotechnics 

3. The replacement of the agrobiocenosc is also under man’s influence due to a 
crop rotation system. 
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Nevertheless, besides these peculiarities, the agrobiocenosc is characterized by the 
basic feature of biocenoses, i.c. resistance of plant cover composition. This is true of 
the fauna as well. 

uvaroV (1964) summarized the problematics connected with the disturbance of 
the environment due to human agriculture with respect to developing countries 
namely, the mam types of land development affecting insect populations being: 
deforestation, afforestation, forest shelter-belts, utilization of natural pastures, irriga- 
tion, and amelioration. 

smith & Reynolds (1966) classified the agrobioccnoscs under a special term “agro- 
ecosystems’*, which is identical with agrobioccnoscs, keeping this system as man- 
produced, or rather man-modified. 

Cultivated landscape includes simultaneously a certain amouut of non-cultivated 
land that is represented by fallow land, roadsides, waste places, etc. Non-cultivatcd 
lands are generally known, to exhibit greater diversity of plant cover and a corre- 
sponding greater diversity of fauna also when compared with the almost pure stands 
(or mixed stands) of cultivated crops. Non-cultivated land, therefore, generally repre- 
sents more stable environments than cultivated land. With respect to parasite fori, 
this statement is rather important as the non-cultivated land mcludcs various foci of 
parasites which disperse from here to the cultivated neighbourhood. These parasite 
fori, therefore, seem to be very important in the cultivated landscape. 

The perennial character of an ecosystem docs not mean at the same time that the 
ecosystem is stable with respect to aphids and parasites, although a stable character is 
mostly to be expected in perennial environments. The peculiarities of the aphid life- 
cycle and parasite biology seem to play the main role. As is known, certain plants 
may or may not be useful food for aphids throughout the season. Thus the aphids 
may or may not be present in such perennial communities throughout the whole 
year. Requirements of different species play also a role so that one and the same 
perennial crop may represent a continuous source of food for some aphids, while 
being only a temporary host of other species. 

Example: Alfalfa field (C. Europe). Aeyrthosiphon pisuin as well as Therioaphis 
tnfolii are perennial inhabitants of alfalfa fields, they occur here throughout the whole 
season and hibernate in the egg stage. Aphis craaivora, on the contrary, hibernates as 
an egg on alfalfa, but it emigrates from there for a certain part of the season. An 
alfalfa field, with respect to Aeyrthosiphon pisuin and Therioaphis trifolii can be classified 
as a habitat containing chronic foci of parasites, but as to the parasites of Aphis 
craedvora, there are only temporary foci, the environment being unstable due to a 
seasonal lack of the host. 

Example: Apple orchard (C. Europe). For parasites of DysapJns species this habitat 
may include chronic foci. Ephedras persicae enters the diapause before migration of 
its Dysaphis hosts, and occurs in a diapause state till the next season: although partially 
in a quiescent state, the parasites are present perennially in the habitat. Another species, 
Ephedras plagiator, does not enter the diapause and after the migration of the Dysaphis 
species it attacks other host aphids in the orchard. In this ease too, an orchard may 
represent a habitat including chronic foci of the parasites of Dysaphis species. Aphis 
pomi, a monoecious aphid, and its parasite (Trio.xys angclitae) represent a similar case as 
to the perennial occurrence of parasites. Naturally, the compontion of the fruit trees 
m the orchard is important as to the presence of various alternative hosts of the 
parasites mentioned. 

Example: Citrus orchard (Cuba). In monoculture Citrus orchards the aphids are 
seasonal pests, attacking Citrus only when it is in vegetative growth, they do not 
attack it when it is in a quiescent state (To.xoptera an, rantii. Aphis spiraecola). If no 
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other host aphids arc present in the orchard (undergrowth), the parasites (Lysiphlebtis 
testaceipes) would be unable to survive the long absence of their hosts and they would 
have to search for other hosts in the neighbourhood. The undergrowth— the possible 
source of alternative hosts— may determine the character of foci in Citrus orchards. 
In some cases, when there is no undergrowth (clean cultivation system), the chronic 
foci of parasites may be present in the close orchard neighbourhood (shrubs, orna- 
mentals, road-side trees). 

Sugar beet field (C. Europe). Sugar beet grown for sugar production is an annual 
crop, grown for seed it is a bicnnal. The seed sugar-beet is therefore a relatively stable 
environment, occurring for two seasons at the same plot. It might seem to be a ease 
identical to that of alfalfa, but it is not. Aphis fobac, occurring on sugar beet during 
the season, is a dioecious species, present only seasonally on the crop, whether it isan 
annual or bicnnal crop. This feature of aphid biology makes the environment to be 
of unstable character, although it is a bicnnal crop. 

If the peculiarities in aphid biology arc omitted, there is no doubt that there arc 
differences between the annual and perennial crops as to their general features. How- 
ever, as U is apparent from the gradual dispersal of the fauna to newly seed perennial 
crops, the first years’s perennial crops and the annual crops arc rather similar through- 
out the fust season, the differences being seen, however, before and at the end of the 
season, due both to the character of the plant and crop rotation system (tillage and 
general change of ccnosc in the case of annual crops, no tillage and stable character of 
perennial crops). 

- FACTORS. The basic factor influencing the stability of environment is the structure 
of a given biocenosis. This structure is the result of a long evolution, resulting in a 
relative equilibrium. Some of the biocenoses, results of a long evolutionary process, 
are of rather solid structure and of great stability under natural conditions. Others arc 
of a less solid structure owing to various reasons: they may be evolutionary younger, 
they may change due to a change of climate, etc. As is known, a solid structure of a 
given biocenosis is mainly dependent on the diversity of species — the more diverse 
they arc, the more stable the community is. As is apparent, the character of parasite 
foci is determined by the general character of the community to winch they belong 
as its part. Chrome foci arc typical just for the stable environments, while temporary 
foci may be a feature of a less stable character of the community at least with respect 
to aphids and their parasites. 

Man’s agricultural activities are practically concentrated in growing monoculture 
of ccrtam plants, the crops. The trend towards monocultures greatly simplifies 
community structure (burnett, 1961). This results, on the one hand, in outbreaks of 
ccrtam insect species, on the other hand, a community with a smaller diversity' of 
species can be more easily invaded by a new member such as an introduced pest. 
The significance of species diversity for the relations in Brassica crop mixed and 
pure stands was shown by pimentel (1961). Therefore, we can generally summarize 
the situation in that the growing of monoculture by man (l.c, the origin of agto- 
bioccnoscs) resulted in a simplified structure and corresponding results. Moreover, 
and this is the next important feature, besides growing monoculture, man has 
developed ccrtam agricultural practices in trying to grow the crops more easily and 
successfully. A cultivation system, crop rotation system, cutting system, harvesting 
sy stem etc., and insecticidal treatments appeared. It is a question of to-day to evaluate 
such practices with respect to ecosystems in connection with an integrated control 
program. It was well recognized by Californian authors (see Integrated control 
chapter) that agricultural and control practices which reduce the diversity of species 
may be working in exactly the wrong direction, as it is a typical feature of a healthy 
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diverse biotic community not to be easily invaded by exotic forms and to cxliibit 
considerable activity to adjust the invaders (v. d. jjosch, 1965). In connection with 
this ascertainment, special programs such as a strip-cutting program, strip fanning 
program, development of uncultivated land to conserve natural enemies, etc., were 
developed with the main task to make the crop community as stable as possible. 
These programs can be classified as making up for the mistakes made by agricultural 
practices with respect to the ecosystems. 

As already mentioned, the parasite foci exhibit peculiar features with respect to 
their occurrence in various kinds of cropsAVhilc chronic foci of parasites may be 
present in certain crops, c.g. alfalfa and other perennials, and may be conserved 
through various practices as well, this is not the ease of parasite foci in annual crops 
as just their temporary character docs not permit the continuous occurrence of 
aphids and parasites on one plot throughout the whole year. The significance of 
neighbouring land comes into scope. In the neighbourhood of annual crops there 
exist various plots in which both pest species and their parasites may be found. The 
dispersal ofaphids to monocultures of annual crops means practically their occurrence 
without parasites there at first and outbreak numbers may be reached: immigration 
of aphids may influence the stability of the agrobioccnose, while this is not the ease 
of diverse natural ecosystems in which parasite foci arc present. 

- aphid migration. Communities may be stable, but apliid migration can make 
them unstable with respect to aphid parasites. There arc several cases to be distin- 
guished: 

A. There arc several aphids, both obligatorily and facultatively host alternating, 
present in a stable environment as well as parasites, which arc widely specialized. 
Obligatory migration of an aphid species from such an environment does not 
apparently cause any deep changes in the stability of the system, as the parasites are 
able to parasitize other aphids present. The same is true of the immigration of an 
aphid to this system, the parasites again covering the aphid. 

Example: Deciduous forests of C. Europe, with Ephedrtts plagiator, Praou votucre, 
Trio.\ys angelicac and other parasites present. 

B. There arc only monoecious aphid species present in an environment, so that 
only facultative host alternation occurs. Parasite species are also present continuously, 
dose connection between host and parasite apparently appearing in consequence. 
No changes in community stability due to aphid migration can be observed. 

Example : Deciduous forests in C. Europe, Callaphidid aphids and their parasites. 

C. Aphid species present is a dioecious one (obligatory host alternation) being 
therefore present for a part of the season only. This can influence the stability of the 
environment due to peculiarities ni parasite biology m different ways : 

(a) . Parasites exhibit obligatory quiescent states 111 which they survive the period 
of host absence, they remain in the same ecosystem for the whole season. Aphid 
migration does not cause any significant changes 111 ecosystem stability. 

Example; Dedduous forests in C. Europe. Dysapiiis sperics and their parasites 
(EphcJrtis persicac). 

(b) Parasites do not cxliibit obligatory quiescent states, they are unable to survive 
the period of host absence and disperse therefore to the neighbouring environments. 
In such a case, the stability of the ecosystem is changed as there will be no parasites 
present the next year, due to the seasonal lack of aphids and lack of corresponding 
parasite adaptation. 

Example: Pliragmitcs communis in C. Europe. Hyaloptcnis pnuii immigrates to 
reeds in late spring and emigrates in the late autumn, the ecosystem being, however, 
a stable one — a natural perennial community. The composition of species is relatively 


poor due to practically natural monoculture existence, so that no alternative hosts 
are found by parasites on reeds when H. pruni is absent. 

D. There arc several aphid species present in the ecosystem, the parasites being 
strictly specialized (in the framework of the given ecosystem). 

Example: Alfalfa - Atyrthosiphon piston, Therioaphu irifolii, m C. Europe. 

In this ease, the influence of the faailtativc host alternation by aphids is of the 
same type as in case 13. 

We summarize the state of aphid migration and stability of environment in such a 
way that facultative host alternation docs not usually influence the stability of an 
environment as the aphids continue to occur in tlus environment, although infesting 
other host specimens. Obligatory host alternation by aphids, on the contrary, may 
influence environmental stability in ease there arc no alternative hosts present in the 
community and the parasites arc not adapted to the host aphid life cycle by entering 
quiescent states. 

Aphid migration and its seasonal occurrence make the unstable environment even 
more unstable or relatively stable during certain parts of the season. 

Example: In certain annua] crops, such as sugar beet, the aphids arc present for a 
relatively short penod, while in others the aphid — although a seasonal inhabitant as 
well — may be present for a greater part of the season. 

Unstable environments mean less possibility of aphid parasitization due to the 
unstable character of parasite presence in a given area. For this reason, immigration 
of an aphid into an unstable environment in crop fields especially supports the 
probability of outbreaks of aphids due to the lack or low population level of parasites 
in the initial stage of aphid appearance. 

Ecosystem stability with respect to aphid migration is also geographically variable, 
which is due to geographical peculiarities of the aphid life-cycle. As an example, two 
species of reeds may be mentioned: 

Arundo donax. In S. Europe it is perennially attacked by the aphid Longiutiguis 
donaeis. This aphid is parasitized by several aphid parasites, by Aphidms transcasptcus 
namely, which occurs here throughout the whole season, exhibiting seasonal 
fluctuations in density. There may be a difference between the seasonal history in 
relatively colder regions — in S. Europe (French Riviera) — the aphid and parasite 
hibernate due to a somewhat colder winter, while they occur apparently perennially 
in warmer regions (Asia Minor, etc.). It must be stressed that the aphid is a monoe- 
cious species in all its distribution area, so that no changes in host alternation with 
respect to different areas of distribution can be found. 

Phragmites communis. This species of reed is found m both C. and S. Europe, in 
Asia Minor, etc. The character of the community is stable, but in the north there is a 
period of vegetation hibernation, this not being the case of the southern districts, 
where Phragmites is an evergreen plant. This feature Jus its effects on Hyalopterus 
pruni as well. In the north, m C. Europe and further north, the aphid is a typically 
dioecious species, alternating Prunus and Phragmites as hosts. In southern Europe, 
in its colder parts, there is still host alternation and hibernation of the aphid, while in 
Asia Minor, besides obligatory host alternation, parthcnogcnctic populations arc 
known to occur perennially on Phragmites. Therefore, in C. Europe the Phragmites 
growths arc an unstable ecosystem with respect to the occurrence of parasites of 
II. pruni due to the aphid hfc-cy clc, while ecosystems associated with the same plant 
arc mostly stable due to the partially perennial presence of the aphid in warmer parts 
of us distribution area, such as Asia Minor 

- loci op PARAsim. There seems to be a general rule that chronic foci of parasites 
are connected with stable environments, peculiarities of aphid biology being positive 



as well, while temporary foci of parasites may be found both in stable and unstable 
environments. 

- host specificity. It seems that restricted host range mostly means the occurrence 
of a parasite species in stable environments exclusively; such a feature might well be 
understood because of host parasite coincidence that is just rather close in ease of a 
strictly specialized parasite. 

Wider host range, on the contrary, enables the given parasite species to occur 
both in stable and unstable environments. Aphid host life cycle, host range of the 
given parasite species, and the neighbouring environments play the most important 
role. Wider host range may support the character of the community to be more 
stable in the ease that more aphid hosts falling within the range of parasite arc present 
in this conununity. 

- number OF SPECIES. Generally the greater number of parasite species supports the 
species diversity and thus the stability of an ecosystem. However, it is necessary to 
add that the host specificity of the separate parasite species is significant, besides the 
number of the species present. The number of parasite species must be related to a 
given aphid species to show the true role of parasites in the ecosystem stability: if 
there arc more parasite species of an aphid present, the ecosystem is usually more 
stable due to the cooperative action of parasites that replace each other in action. 
Aphis fabac and its three parasites ( Ephedras plagiaior, Tnoxys atigclicae and Praon 
abjeetum) in deciduous forests in C. Europe may be mentioned as an example. 
Contrary to this state, there may exist several parasites in a community, each of 
them being, however, a strictly specialized parasite of one aphid species with no 
connections among themselves m consequence, community stability is lower as 
there is no chance of parasite cooperation and replacement. Example: Alfalfa field 
and complex of aphids and parasites in C. Europe (see above). 

-conservation. All tlic activities directed towards the conservation of the 
stability of environments may be classified simultaneously as useful for the conserva- 
tion of parasite foci. Strip cutting and strip farming programs arc the clearest 
examples. Both these kinds of manipulating the environment with respect to parasite 
occurrence arc connected with monoecious aphids and their parasites, which perhaps 
are better objects for such an activity. In dioecious aphids, however, a peculiar 
situation may develop, as these aphids emigrate ui a certain part of the season from 
a given habitat, immigrate to another one, leave it later as well and re-immigrate to 
the original habitat again. As we have shown earlier, the adaptation of parasites to 
such a cycle of their hosts is either in wider host range or in development of quiescent 
states. Wider host range conies into action m natural conditions, i.e. in diverse and 
stable communities, while in cultivated environments there can be a lack of alter- 
native hosts for various reasons, of which the influence of growing monocultures 
seems to be the most important one. 

In such cases it is usually recommended to develop higher diversity in plant cover, 
e.g. m an orchard through the planting of hedgerows on edges, non-cultivation of 
undergrowth, etc. Nevertheless, this is not always possible, especially in the case of 
introduced parasites that, although being more widely specialized in their native 
country, do not find alternative hosts in the release area and are therefore practically 

monophagous” here. However, it appears a problem now as to the coincidence of 
paiasite and host-aphid life cycle in the release area if the aphid is a dioecious species. 
In such a case, we should try to develop small plantings of host aphid secondary 
plants in an orchard to enable the aphid to occur there perennially, although its 
populanon is low during a certain part of the season, and to manipulate the environ- 
ment m such a way as to develop a more stable ecosystem with respect to the newly 


introduced parasite. An example for illustration: Hyalopterus pruni is a dioecious 
aphid in C. Europe, alternating Prunus sp. and Phragmitcs communis as ns host 
plants. In southern Europe and Asia Minor the life cycle is similar except that there 
can also be found some continuously parthcnogenctic populations occurring perenni- 
ally on Phragmitcs exclusively. In southern districts, the aphid is attacked, besides 
others, by Aphidius transcaspicus, which is also a parasite of Longiunguis donacis on 
Arundo donax reed, which is a monoecious aphid. Therefore in the ease of Arundo 
donax reed being present in the orchard or its neighbourhood, the parasite may 
occur perennially as a parasite of Longiunguis donacis and may survive the temporary 
absence of Hyalopterus pruni on Prunus trees. In this way, due to the diversity of plant 
cover, the orchard is a relatively stable environment with respect to the given 
parasite. In this ease, Phragmitcs reeds, as a source of H. pruni pest, were also found 
to be undesirable in orchard environments or in the neighbourhood just due to the 
Arundo donax. However, another situation appeared when Aphidius transcaspicus 
was introduced into C. Europe as Longiuiiguis donacis is absent there, the parasites 
host range being therefore restricted to a single host species i.c. Hyalopterus pruni. 
In our experimental program we found in certain areas both Prunus orchards 
and Phragmitcs reeds to be in dose proximity to each other, so that we can 
anticipate the parasite will be able to find its host in both the environments and 
develop the coincidence with the controlled host aphid. However, there are other 
orchards from which Phragmitcs reeds arc rather distant. It is known that aphids 
usually exhibit greater dispersal power than the parasites so that we can expect that 
the parasite will hardly be able to disperse in a similar way. For this reason, we have 
planted some reeds in cages and placed them under the Prunus trees in an experi- 
mental orchard where Aphidius transcaspicus was released and attacked the aphid on 
Prunus. The aphid was really found later to occur on reeds as well as the parasite. 
Such a manipulation of the environment enabled parasite survival during a part of 
the season when the aphid would otherwise be absent. 

distribution of parasites. Foci of parasites represent certain patterns in parasite 
distribution and for this reason they exhibit the same features. 

Geographic distribution 1 c. distribution of parasite on a large scale, is dependent 
on their attachment to certain flonstic zones. In these zones, too, parasite foci can 
generally be found. 

Habitat distribution is rather important as to the foci of parasites. Separate types of 
habitats and associated communities determine basically the character of foci. It is 
well apparent how different arc the foci m fields of various crops, non-cultivatcd 
land, etc. 

Microhabitat distribution is also of great importance. Various species of parasites, 
although theoretically capable of occurring in certain habitats, are further differentiat- 
ed with respect to microclimate differences. This feature is naturally seen both in the 
specific composition and significance of parasite foci in various habitats. 

Geography variability of the foci. Consequently, due to the geographic variability 
of habitat dependence, and host specificity of parasites, foci exhibit geographic 
variation. Tlus feature of foci becomes apparent when the occurrence of the same 
parasite species in northern and southern districts of their distribution area is compar- 
ed. 

seasonal succession. Ecosystems arc dynamic associations, they exhibit seasonal 
changes due to responses of their members to conditions imposed by separate yearly 
seasons. These changes arc regulated by the equilibrium of these separate systems. 
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which is determined by their structure. For this reason, seasonal succession may be 
recognized both in stable and unstable environments, although it may show various 
peculiarities depending on the community stability. 

Aphids are a typical group which is often deeply influenced by the seasons. 
Production of various forms, migration, etc., all these peculiarities in aphid biology 
arc directly or indirectly influenced by separate ) early seasons. In this respect, we can 
distinguish various aspects in the development of a given ecosystem in the course of 
the year. Two points of view on seasonal succession of apliids and their parasites in an 
ecosystem can principally be recognized: 

I, Successive occurrence of separate aphid species. In many ecosystems several 
species of apliids occur, which appear successively in the course of the season due to 
their specific requirements. For example, in C. Europe, we can observe that in spring 
first the various Dysaphis species occur, followed by Aphis pomi in apple orchards; 
or in alfalfa fields, we can observe Acyrlhosiphon pisuin early in the season and only 
later Thcrioophis irifolii. Such a seasonal succession of aphid occurrence may or may 
not be important for the parasites, the host range having the leading role in this 
respect; in case that a parasite attacks several 3phids that appear successively m an 
ecosystem, it can occur there perennially with no peculiar adaptation to the host 
aphid biologies except the wider host range (example: aphids and their parasites on 
Prunus domcstica in C. Europe); in the ease that it attacks only one species, having no 
relation to others, whether they appear successively or not, it must be much more 
specialized to the host’s seasonal occurrence (example : alfalfa aphids and their parasites 
in C. Europe). Such feature of foci succession arc also important to the relation of 
species in the fod. 

end of the foci. The fod of parasites in a given area or plot may cease to exist for 
various reasons. Their possibly chronic character is naturally relative in time and 
space. Here, we deal only with either the immediate changes of the environment due 
mostly to man’s activity, or by gradual natural processes such as plant succession, 
while the natural temporary' character of certain foa, host and parasite seasonal 
coinridence and corresponding adaptation, etc., arc omitted. 

Non-selcctivc complex treatment, or incorrectly timed treatment may result in 
elimination both of the host apliid and its parasite in a given plot . or pest aphids may 
be eliminated while parasites can survive inside mummified apluds, although after 
their emergence, they cannot find any living aphids, or, a certain number of pest 
aphids may survive the treatment, while the parasites are eliminated. All these possi- 
bilities illustrate the deep influence of similar activities of man on parasite foci. 
Similarly, tillage, cutting, plant removal, all that can also result in the elimination of 
parasite fori in a given plot. 

Of tile natural factors, which may cause the end of the foci in a given plot, plant 
succession, causing deep changes in plant cover, seems to be the most significant. 
The occurrence of other plants means the presence of other aphids, changes of 
microclimate, etc., resulting in basic structural changes in the community and 
naturally in the parasite foa too. 

hibernation and aestivation. Quiescent states in parasites have developed as an 
adaptation to unfavourable condiuons of the environment, caused either directly by 
the influence of climatic conditions, or by the peculiarities m the aphid life cycle. 

In aphid parasites, quiescent state periods are spent in the stage of the last instar 
larva inside mummified aphids. Consequently, the motionless mummified aphids 
must occur in such places where they are not damaged, if the parasite is to survive 


the unsuitable period. When we exclude the natural mortality during quiescence, it 
is apparent that the parasites require stable conditions of the environment for survival. 
Hibernation sites and also aestivation sites of parasites can mostly be found at the 
same places where the chronic foci arc during the year. This is a basic statement for 
parasite protection in cultivated areas; in sonic cultivated habitats, in annual crops 
namely, the parasites do not hibernate, while doing so in perennial crops. Aestivation 
of parasites can take place both in temporary and chronic fori. Hence the differences 
in cereal, potato and alfalfa fields. 

As the occurrence of parasite quiescent states varies in accordance with distribu- 
tion, due to a different climate and to peculiarities in aphid biology, the foci play a 
different role in (his respect as well. 


role of HOST SPECIFICITY. Various species of parasites arc found in the foci. They 
naturally exhibit a different host range. 

In the foci, the parasite species have various relations to a given apliid species, 
there may be a complex of parasites present in a focus, consisting of a single to several 
parasite species. Some parasites arc strictly specialized, others can attack several host 
aphids. Host range can influence also the relations of the fori to the neighbourhood 
(habitats of a similar kind). Species with a wider host range usually disperse farther 
due to their ability to find other hosts in the neighbourhood, while strictly specialized 
parasites arc closely dependent on their host’s occurrence and dispersal. The influence 
of host specificity may exhibit variations with respect to distribution. 

Examples may be found in the review of foci as well as in the introductory parts of 
this chapter. 

parasite dispersal. Dispersal of parasites from the foci as well as the infestation of 
aphids present there arc the main features of parasites with respect to the research of 
foci. 

Several factors seem to influence the dispersal of parasites from the fori, which arc 
closely mutually connected. 

l. Host specificity. Strictly specialized parasites arc mutually fully dependent on 
their adaptation to the life-cycle of their host, while widely specialized parasites 
exhibit less dependence in accordance with their host range. Besides the host range, 
another specific feature, l.c. host mstar preference plays an important role. Some 
parasites prefer lower instar aphids, which arc then killed before reaching maturity, 
while others prefer higher mstars. The latter results in killing the aphid in an adult 
5ta S c » either alatc or apterous. The alatc parasitized aphids are able to disperse in the 
usual way, carrying thus the parasites to the new districts. This kind of parasite 
dispersal may sometimes be important in the dispersal from parasite foci as well, in 
California, c g , the mode of dispersal influences the distribution of parasites of 
Thertoaphis trifohi on alfalfa as Profit exoletum disperses mostly via alatc aphids, while 
Tnoxys cowplanalusiulU the aphids before their reaching maturity, being thus slower 
in dispersal from its foci. 

2. Host searching behaviour. Some parasites arc capable of finding their hosts at a 
very low level of density, the other parasite species find their host only after it* 
co omes have become larger These specifically dependent features of searching 
behaviour also partially determine their ability to disperse and find their hosts m the 
neighbourhood of foci 

^ 15 a PP arcnt from the aforementioned observations, there is a gener- 
ally different situation of parasite dispersal from the foci in case of annual and perennial 
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crops, namely in fields, which exhibit very special features, being influenced by culti- 
vation to a comparatively higher degree than the forest habitats. 

In the fields, in annual crops, the parasite foci on uncultivated land, meadows, 
pastures, roadsides, etc., arc really the only foci of parasites from where they can 
disperse to the adjacent areas of cultivated annuals. This feature has been well known 
to various authors (c.g. TOXNCA, 1950), being confirmed by our numerous observa- 
tions as well, that the aphids that disperse early in the season to young plants of 
annual crops arc attached first and mostly in the neighbourhood of waste places, 
roadsides, etc., i.c. in places which were later recognized as including chronic foci of 
parasites. This means that dispersal of apluds in the ease of annual crops is apparently 
much more powerful as to the areas covered than that of parasites, which disperse 
only gradually from their fod. This movement is rather important for the evaluation 
of parasites in aphid limitation and control on annual crops, in control of aphids — 
vectors, etc. The example of Aphis /abac on sugar beet illustrates the point. 

In perennial crops there is another situation, due to the more stable character of 
these communities; as a part of the chronic foci of parasites is often includcdjustin 
the crop fields, the chronic foci of parasites arc therefore practically identical with 
the whole cultivated crop plot. There is no need for parasites to disperse into the crop 
from the neighbourhood, as they can occur in foci in the field itself throughout the 
season. This does not mean naturally that there arc no other chronic foci in the 
neighbourhood from which the parasites disperse to the field, but their significance 
is not as primary as in the ease of annual crops. 

4. Aphid life-q clc. Due to the strict habitat dependence, m a temperate zone for 
example, the parasites disperse from the fod to the neighbouring habitats of the same 
or a similar kind (forest-forest, steppe-steppe), while a certain part of aphids, i.e. the 
dioecious spedes, exhibit quite an opposite feature m alternating the habitats of 
different types during the season (Fig. 291). Naturally, some parasite species are also 
of intermediate character, in the and zone namely, where the conditions arc 
rather specific. 

5. Density dependence is a significant factor in inducing parasite dispersal (way, 
1966). There is no doubt that the population density conditions which occur 111 the 
fod will evidently basically influence the dispersal of parasites to neighbouring 
habitats of a simdar kind. For the time being we have no detailed records at hand, 
however, such a research topic should be dealt with m the future to enable the 
classification of certain unknown aspects of the role of the foci. 

6. Seasonal coincidence of host and parasite will apparently have a certain role m 
parasite dispersal as well. I11 cases of good adaptation, i.c. m cases of good seasonal 
coincidence, the parasite dispersal from the foci may be expected to be density 
dependent, with respect to the given host species. In widely specialized parasites, 
which are naturally less seasonally dependent on one host species due to the occurrence 
of various hosts in the same habitat, the density dependence can be obscured by the 
seasonal occurrence of several host aphids with a corresponding influence of parasite 
dispersal. For example, in case of a dioecious aphid species, such as Aphis fabae m C. 
Europe, the aphid migrates in late spring from certain shrubs to sugar-beet and to 
other herbs in field habitats. However, in a roadside or a meadow the parasites have 
attacked a number of other aphids since early spring, and their density will not 
primarily depend on the number of immigrating A. fabae but on the density of other 
aphids present earlier in the habitat. Seasonal coincidence, m this case, is primarily 
not density dependent as to the occurrence of A. fabae in the field habitats, dispersal 
of the parasite Lysiphlcbus /alarum from roadsides to sugar beet fields will possibly 
depend primarily on the density of populations of aphid species occurring in the 
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Fig. 291. Relation of sources of aphids and foci of parasites. 

1. Host aphid dioecious, primary ct secondary host plants in different kinds of habitats. 
Parasite complexes different. 



3. Host aphid monoecious. Parasite complexes identical perennially. HP - Host Plant, 
PHP - SHP Primary or Secondary Host Plants, H - Host, P - Parasite, A pc , B pC - 
A and li parasite complexes. 


roadsides, not on the density of Aphis fabac immigrating to the sugar-beet field. The 
high population density of A. fabae may naturally cause secondarily the density 
dependent influence on the parasite populations and their dispersal from the roadside 
habitat as well. 

sourcls of aphids. The basic relation between the aphid and parasite is in that they 
arc two different groups of insects, there existing a host-parasite relationship between 
them, the result of a long evolution. The relations to the environment depend on 
each of the groups mentioned, exhibiting a various degree of similarity or dissimi- 
larity. This statement is quite true as to the foci of aphids and parasites. To avoid 
posnblc misinterpretation, we decided to use the terms “sources” for the aphids and 
foci for the parasites although both words arc synonymous as to their primary 
meaning. 

The basic difference between both groups with respect to sources or foci seems to 
be the habitat dependence, dispersal, and associated role of parasite specificity. 

As already mentioned, habitat dependence exhibits special features in sonic groups 
of aphids (dioecious species) in that they alternate the kinds of habitats due to their 
obligatory host alternation as a part of the life cycle. The parasite biology is different; 
they arc attached to a given kind of habitat The above scheme illustrates the 
dependence of some sources of aphids and foci of parasites, (fig. 291). 

Many cxamjflcs of this scheme can be found in various chapters of tins book. 

Microhabitat dependence is also important. Microclimatic conditions inside the 


















habitat, mode of host life, can cause the difference between the occurrence of aphids 
and parasites. 

Mode and power of dispersal is also different in both groups. Aphids generally 
disperse more powerfully, while the parasite dispersal is mostly gradual and rela- 
tively low except the eases when the parasite developmental stages arc transferred to 
new districts inside alatc parasitized aphids. 

Host range of parasites is another feature that can basically distinguish the sources 
of aphids and foci of parasites. In addition to its role in habitat dependence, host 
specificity of parasites can determine also their microhabitat distribution. Regarding 
the host range, the foci can be further differentiated with respect to the occurrence of 
separate host aphids even in the same kind of habitat. An illustrative example is as 
follows: In C. Europe, the mam foci of Aphidius ervi arc certainly alfalfa fields (host: 
Acyrthosiphon pisuin), Sarothanmus scoparius shrubs (host: Acyrlhosipltoii span it) in 
hedges, and Urtica dioica growths (host: Mierolophiuin evausi). Each of these hosts is 
differentiated as to the microhabitat (host plant occurrence), however, the parasite is 
able to occur in all these places and disperse from a focus associated with the source of 
one aphid to a source of another aphid, a feature the apluds cannot follow due to 
different host specificity and microhabitat requirements. An absolutely contrary ex- 
ample may be found in some eases of strictly specialized parasites, winch — due to 
their restricted original host range — arc unable to follow their host m all the micro- 
environments in a district ( Tlierioaphis Irifolii and its parasites in California). 

APHID OUTBREAKS. Various authors have shown that outbreaks may occur both in 
natural (or almost natural) and cultivated environments. Beech forests with common 
outbreaks of Phyllaphis fagi t and Aphis fabae on sugar beet may be mentioned as 
examples from C. Europe. There is, however, no doubt that outbreaks arc more 
common with cultivated crops than in natural stands. The diversity of plant cover 
and associated insect species in general arc believed to have the determining role. Foci 
of aphid parasites are naturally just typical of those occurring in such stands with 
diversity of species, while they may be absent or rare in cultivated crops. As the 
absence of parasite foci means the absence of a limiting agent as well, the pest aphid 
outbreak possibility m the crop is naturally apparent. There is no doubt that the pres- 
ence of parasite foci inside or near the cultivated crops can prevent the aphid out- 
breaks in ease the parasites are at least partially effective and the community exhibits 
a certain degree of stability. The role of the presence of chronic parasite foci in 
preventing aphid outbreaks in cultivated crops was shown experimentally by Cali- 
fornian authors (v. D. bosch, hagen, SCHUNGER, r. f. sMlTH.-rfcs. etc.) in developing 
the strip cutting alfalfa program, the mam task being to conserve, at least partially, 
the stable character of the alfalfa field ecosystem. 

____Aphids-vectors. The transmission of virus diseases of plants by aphids and resulting 
damage tb~~ the plants is nowadays, in many cases, much more important than the 
damage caused to plants by sucking. 

The significance of aphid sources for the spread of virus diseases was observed by 
many authors. Of these, two should be reviewed here to show the specificity of each 
different ease: 

daiber (1962, 1964), when dealing with the problem of control of potato aphids 
and spread of virus diseases of potatoes in S. Africa found that the apterous aphid 
populations were practically eliminated by systemic insecticides on potatoes. But the 
winged aphids were sull able to enter the treated plots and could transmit the virus 
under favourable conditions. Therefore, a systemic insecticide was not capable of 


killing the aphids before they could transmit the virus. Moreover, when searching 
for the sources of pest aphids, this author found that irrigated gardens with many 
host plants arc perennial sources of potato pest aphids, they arc important because of 
the high dispersal ofalatc aphids and thus indirectly dangerous for leaf rolls spread as 
the winged aphids originating from garden potatoes may initiate colonization in 
field potatoes and simultaneously spread the virus. 

As almost a contrary opinion to the mentioned paper, the research results of 
ribbands (1964) can be mentioned here. This author, when dealing with the control 
of certain virus diseases of sugar beet in Great Britain, found that Myzus persicae, a 
predominant vector of sugar beet virus disease, overwinters mainly on cultivated 
secondary host plants that arc not associated with viruses. The viruses overwinter 
mainly on sugar beet, which arc the main source of infestation the following summer, 
weeds being considered unimportant. 

Generally, it is well known that the parasites arc partially effective species, which 
can sometimes limit the host occurrence to a certain degree, although they rarely 
almost eliminate the population of an aphid in a certain plot. With respect to the 
transmission of viruses by aphids it is obvious that a small number of virus vectors is 
sufficient to cause damage to plants through disease transmission, while the parasites 
arc not capable of preventing the emigration of so many aphids from one plant to 
another, they, nevertheless may partially limit tliis number. From tlus point of view 
the significance of parasite foci in checking aphid vectors must be considered, too. 

weed plants. Weeds arc common guides of man’s agriculture. They spread acci- 
dentally over the world due to the activity of man, many of them becoming cosmo- 
politan m distribution. They, as a group, exhibit rather a wide adaptability to various 
environments and arc typical just by their survival and ability to compete successfully 
With other plants. 

Weed plants belong to different groups of plants. Many of them arc attacked by 
various aphid species, wlulc others are infested by a more or less specialized aphid 
fauna. The features mentioned clearly show that weeds apparently represent impor- 
tant sources of host aphids with respect to the parasites. Due to their common 
occurrence, they represent important food sources for parasites and probably for 
other natural enemies as well. 

Generally, we divide the weed plants into several groups : 

1. Weeds attacked by pest aphids, 

2. Weeds attacked by economically indifferent aphids, 

(a) indifferent aphids arc alternative hosts of parasites of pest aphids, 

(b) indifferent aphids arc hosts, either mam or alternative, of economically 
indifferent aphid parasites. 

The above division of weed plants dearly shows that in no ease may the weeds be 
put into one group. For example, peairs(i947-scc below) classified generally all the 
weeds as being noxious everywhere. Similarly, shands ct al. (1963, 1964) proposed 
the elimination of weeds both in uncultivated or crop land as they support large 
populations of pest aphids that attack potatoes later in the season. Other authors have 
classified weeds as useful plants because of natural enemy conservation. 

BOMBOscii (19^) briefly reviewed the various opinions and showed, in accordance 
with research of aphid predators — the syrplud flies — ,tliat inno case may all the weeds 
be accepted as useful from tlus point of view. 

Several examples of weed plants and associated aphid and parasite fauna of C. 
Europe can be mentioned as an dlustracion, while some other examples arc found in 
the review of foci: 



Arctium sp. - Aphis fabac : Praon aljcctim, Trioxys angelicas, Lysiphlcbns fabarum 
(pest aphid) Brachycaudus cardui: Lipolcxis gracilis, Lysiphlcbus fabarum, Paralipsis 
cncrvis (pest aphid); Cliromaphis sp. : Lysiphlcbus fabarum, Paralipsis cncrvis (useful 
alternative host). 

Centaurca spp. - Dactynotus jaccac ct sp.: Praon dorsale, Trioxys cenlaurcae (almost 
indifferent species); Macrosiphoniella staged: Praon dorsale, Ephcdrtis campcstris (in dif- 
ferent species). 

Chenopodium spp. - Aphis /abac: Lysiphlebns fabarwu, Ephedrus plagiator (pest 
species) ; Myzus persicac : Diacrcliclla rapae (pest species); Hayhurstia alriplids : Ephedrus 
i saris cri, DiacreJs'clIa rapae (practically useful altemativc host). 

Cichorium intybus .-Aphis intybi: Lipolcxis gracilis, Lysiphlcbus fabarwu (useful 
altemativc host); Dactynotus cichorti (indifferent species). 

Cirsium arvcnsc. - Aphis fahac : Lipolcxis gracilis, Lysiphlcbus fabarum, Trioxys 
angelicae (pest species). 

Sonchus oleraccus. - Hyperomyzus lactucac: Aphidius sonchi, Lysiphlcbus fabarum, 
Praon volucre (pest). 

Taraxacum officinale. - Aphis taraxacicola : Lipolcxis gracilis, Lysiphlcbus fabarum 
(useful alternative hosts). 

Aphid fauna of separate weeds can be varied in different areas or the same aphid 
species may have various economic significance. For example, Sonchus olcraccus is 
attacked by Hyperomyzus lactucac both in Europe and in Cuba, in Europe, it is a 
secondary host plant of a pest aphid that attacks Ribes, while m Cuba, due to the 
absence of Ribes and tropical climate peculiarities, the aphid has no economic 
importance, being attached exclusively to Sonchus. 

- Undergrowth of orchards. Weeds in orchards may be host plants of alternative hosts 
of parasites of orchard pest aphids, or they may be hosts of aphids attacked by 
parasites that have no relation to fruit trees. In some cases, too, they may represent 
host plants of orchard pests. Examples arc given in the review of foa. 

Mostly, weeds in orcliards represent temporary foa of parasites. Clean cultivation 
program and the problem of undergrowth in orchards must be dealt with m accor- 
dance with specific requirements with respect to fruit trees grown and geographic 
peculiarities. 

- Crop f elds. Weed plants in crop fields arc generally classified as noxious and they 
ate eliminated through herhiade treatment. It seems that their possible usefulness m 
parasite conservation would not compensate for the damage caused to economic 
crops. In addition, the record of uvarov (1964, after wolcott, 1928) should be 
mentioned, dealing with aphids as vectors of sugar cane diseases. According to this 
record, Rhopalosiphuni maidis, the vector of the mosaic disease of the sugar cane, 
is forced to move to cane when wild grasses are removed by weeding. This would 
perhaps show that weeding would not protect the sugar cane from diseases trans- 
mitted by the aphid. According to our studies undertaken in Cuba m 1965, Rh. maidts 
occurs commonly on Indian com and various other grasses, both wild and cultivated, 
including sugar cane. Weeding apparently would not have any significance with 
respect to the transmission of disease as there are numerous sources of aphids in 
sugar cane field neighbourhood from which they can disperse to cane and transmit 
the disease. Biological control of the aphid could perhaps be at least partially useful, 
although it cannot also eliminate the aphid vectors. 

- Meadows and similar habitats. Weed plants can also be found to be represented 
to a various degree in meadows and related habitats.Wnh them both economically 
indifferent aphids and pest species may be found being parasitized by various aphidnd 
parasites. The heterogeneous plant cover, the dispersal of plants attacked by aphids. 
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and the presence of parasites allow us to consider meadows as habitats including many 
temporary foci and chronic foci ofparasites.Wccd plants, ifnot too numerous, do not 
seem to cause any serious economic damage; if they arc infested by pest aphids which 
disperse from there to crop fields, the diversity of the community items to be well 
balanced and the aphids arc limited by parasites. Examples arc given in the review 
of foci. 

-Rudcrals. Weeds arc t)pical members of rudcral flora associated with waste 
places and allied habitats. In rudcrals, w ceds do not cause direct damage to field crops 
except for the dispersal of seed. According to scjiwarz (1959), certain weed plants 
can be of importance as sources of virus diseases, which could be transmitted by 
aphids emigrating from rudcrals to crop fields. Generally, rudcrals cxlubit perhaps 
the most numerous and rather heterogeneous aphid fauna, associated w ith various 
parasite species. These features, and the omitting of such areas by man, nuke valuable 
chronic foci of parasites from rudcrals, both of economically useful and indifferent 
species. The rather heterogeneous plant cover and diversity of aphid species permit 
us to presume that if pest aphids occur 111 such places and there are many such cases, 
they will be heavily parasitized. Field observations, although hardly of any impor- 
tance economically, show this opinion to be justified. Examples again arc in the 
review of foci. 

- Diversity of plant cover. Wmlntu. (1961, etc.) and other authors mentioned earlier 
have shown that the diversity ofspccics is characterized for mixed species plantings or 
complex communities, while simple communities have a less stable community 
balance. The presence of weed plant increases the diversity of plant cover. However, 
in certain plots, i c. economic ciop fields, just strict monocultures arc required. 

As weed plants arc eliminated in field crop areas, the diversity of plant cover must 
be repaired, just in neighbouring lubitats for the purpose of parasite conservation. 
Weed plants could represent valuable elements of diversity of such plant commu- 
nities, which could be useful due to their incidental dispersal, occurrence and asso- 
ciated fauna. Examples arc mentioned in the review of foci. 

- Clean culture concept, peaks ( 1947 ), when dealing w ith the control of insect pests 
in agriculture, proposed the clean culture concept, wluch includes also the “destruc- 
tion of weeds and hedgerows in the neighbourhood of crop areas”. This concept 
was discussed by fimlntix (1961); in his studies on species diversity and population 
outbreaks he arrived at the conclusion that hedgerows, including weeds and plants of 
many kinds, may provide diversity with additional species of insects which when 
added to the community of sterile crop fields increase its stability. 

As already shown, we must classify the weeds separately and not include them all 
under noxious plants. For this reason, we can consider hmentll’s conclusions to 
be quite correct. 

-Biological control of weeds. According to the proposal of iilinze (1956) strictly 
specialized aphids can be used m biological control of weeds. The attacked host 
plants, i.e. weeds, need not be destroyed due to aphid sucking; because of being 
weakened they arc not expected to be capable of competing with other plants. 
Aphids as vectors of certain diseases might be also used for such purposes. Several 
projects have been elaborated by heinze, such as introduction of Macrosiphoniella sp- 
in control of Gahnsoga parviflora weed in Europe, or Dactynotus rrigeronensis in 
control of Engeron canadensis. 

Biological control of weeds is not included m the scope of tins book, however, 
according to our opinion we can expect that both Matrostplioniella sp. and Dactynotus 
engeronensis will be attacked soon by indigenous parasites in Europe in a similar way 
as the European aphids of these genera, as the parasites attacking such groups of 
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aphids include a number of Dact yno tine aphids in their host specificity range. From 
this point of view, although the European parasites of Dact yi lotus and Macrosiplioniclla 
species arc practically indifferent, the same parasites would exhibit adverse effects in 
ease of weed control by introduced aphids into Europe and their foci would be 
harmful instead of indifferent. Nevertheless, also in this case, elimination of Achillea 
or Artemisia weeds is not possible in Europe, neither is the elimination of associated 
apliids and parasites, so that introduction of the above mentioned aphids could fail, 
just due to the action of European parasites of related aphid species. 

review OF examples. The main purpose of this review is to give the reader a well- 
documented example of research of parasites with respect to their foci in nature. 
Naturally, it is impossible to cover all the geographic distribution area of tile aphi- 
diids. Tiiis is one of tbe aims of interested workers in separate countries, who may 
enjoy this kind of work. Besides, we have personally visited only some districts and 
zones, so that a “general” classification would be artificial if elaborated, not to speak 
of the fact tliat we are more or less at the beginning of a more detailed work on the 
ecology of the apliidiids as a whole. In connection with our research work under- 
taken in Czechoslovakia — a relatively very small area — for about 10 years, it is 
necessary to stress the time consuming process before a worker can gain sufficient 
field experience, necessary for the research of parasite foci. Having the above 
mentioned ideas in mind, we have selected a certain number of examples from very 
different areas in which, besides others, we have undertaken some detailed research: 
C. Europe, S. Europe, Caucasus, C. Asia, and Cuba. In these eases, too, not all but 
only some types of the landscape arc dealt with, attempting, on the one hand, to 
show the praxis and results of such research work, on the other hand, to bring 
examples from different zones to permit the reader to acquire at least a bnef orienta- 
tion as to the corresponding peculiarities as well. General notes on separate habitats 
have mostly been omitted, the “interrelations” and “classification” bemg made on 
the basis of a greater number of examples studied m the separate areas mentioned. 
More detailed information on the foci in separate countries may be found in various 
papers of the author (sec: References). 

- CENTRAL EUROPE. 

- Coniferous forest. Aphids: Buduiaia pcetuiatae - Abies alba, Ciuara spy. - Picea 
excelsa, Larix decidua, Pinus spp., Cupressobium jtniipen - Jumperus communis, 
Laclniiella costata - Picca excelsa, Liosomaphis abictiua - Abies alba, Protolachnus agihs - 
Pinus silvestns, Schizolachmts pineti - Pinus silvesrns, Todolaclinus abieticola - Abies 
alba. Parasites: Diaere'us Icucoptents - Protolachnus agilis, Lysaphidus schiinitscheki -Lio- 
somapftis abictiua, Metaphidius aternmus - Ciuara spp., Paitesia abietis - Cmara laricis, 
Cincra spp., Pauesia aipressobii - Cupressobium juniperi, P. grossa - Todolaclinus abieti- 
cola, Paitesia infulata - Buclmeria pectinalae, Pauesia jimiperorum - Cupressobium juniperi, 
Pauesia laricis - Ciuara spp., Pauesia piccaecollis - Cmara spp., Pauesia pmi - Ciuara 
S PP"» Rrnesia sifvttlris - Ciuara spp., Pauesia uniladmi - Sdiizolachtuis pineti, Praon 
bicolor - Protolachnus agilis. Coniferous forest parasite fauna represents a stnctly 
specialized group that has no relation to other habitats. Nevertheless, there are mixed 
forests very commonly found in C. Europe, and, also in this case the aphids asso- 
ciated with conifers, as well as their parasites, are always rather specific. Chrome foci 
of parasites are included in coniferous forest habitats. 

— Deciduous forest. Aphids: Acyrthosiphon caragauae - Caragana arborcscens, Anoecia 
spp. - Comus sanguinca, Aphis cognatclla - Euonymus europaea, Aphis craccivora - 
Robinia pscudoacacia, Caragana arborcscens. Aphis fabae - Euonymus europaea. 
Aphis farinosa - Salix spp., Aphis idaei - Rubus idacus. Aphis nasturtii - Rhamnus 
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cathartics, Aphis pomi - Malm silvcstns, Crataegus monog) ua, Aphis sambuci - 
Sambucus nigra. Aphis schneideri - Kibes sp.. Aphis spiraephaga - Spiraea sp.. Aphis 
t'tbumi - Viburnum opulus, Brachycaudus cardui - Frunus spinosa, Brachycaudus 
heliehrysi - Prunus spinosa, Calaphis spp. - llctula sp., Callaphis jtiglaudis - Juglans 
regia, Cavanella spp. - Sahx sp., Cauraphis etiophon - Viburnum opulus, Chaiiophoms 
spp. - P opulus spp., Chrouiaphbjugtaudicola- Juglans regia, Cryptomyzus rtbis - Ribes 
spp., Drepanosiphuni pJatawJa - Acer spp., Dysaphis spp. -Mains sjJvcsiris, Crataegus 
monog) na, Sorbus torminalis, Pirus communis, Eucalliptcrus lihae - Tilia spp., 
Glyphuta let ulae - llctula sp., llyadaphis mrlhjcra - Lomccra xjlostcum, Ilyaloplcnis 
pruui - l’rumis spinosa, Ilypcromyztis lactucae - Ribes spp., Kalhstaphis hctulicola - Uc— 
tula sp., Liosomaphis lurbctidis - llcrbcris vulgaris, Maerosiphum fuuestiun - Rubus sp., 
Macrosiphum rosae - Rosa spp., Myzaphis rosarum - Rosa spp., Myzoealhs carpim - 
Carpinus bctulus, A lyzocallis coryh - Corpus avclbna, Mysut cerasi - Prunus avium, 
MyztU ligustri - Ligustrum avicularc, Nectarosiphum rubi - Rubus sp.,Pasiennialcira- 
rhoda - Rosa sp., Pcrtphylltis villosus - Acer spp., Phorodon hamuli - Humulus lupulus, 
Prunus sp., PhyMaphis fa%i - Fagus silvatica, I'rociplulus fraxini - Fraxinus excelsior, 
Prcrocornnta pdostttn - Salix caprca, Ptaocomma solicit - Sahx amygdalma, Ptcfoeotnrna 
spp. - Populus sp.,Salix sp., Rhopalosiphuin padi - Padusraccinosa, Rocpica marchah - 
Prunus malialcb, Schizoncura ulnii - Ulmus campcstns, Stowaplus quaciis - Quercus sp., 
Symydobius oblougus - llctula sp., Thclaxes dryoplula - Quercus sp., Tinocalhs plaiaui - 
Ulmus sp., TuUrculoides aimulaius - Quercus sp. Parasites: A phi Juts caraganae - 
Aeyrihosiphon caravan ac, Aphidius cingulatus - Ptcrocomma pilosiini, P. sal ids, P. spp., 
Aphidius Isortensis - Liosomaphis berberidis, Aphidius ribis - Cryptomyzus nbis, Aphidms 
rosae - Macrosiphum rosae, Aphidius rubi - Macrosiphum June slum, Aphidius sahns - 
Aphis farinosa, Cavanella spp., Aphidius saiga - Penphyllus villosus, Aphidius stearins - 
Calaphis sp., Arcopraott lepclleyi - Schizoncura ubni, Dyscntulus plamceps - Drcpanosi- 
phutn platanoidcs. Ephedras laccrtosus - Macrosiphum rosae, Rhopalosiphoiiinussp.,EpheJrus 
minor - Myzaphis rosarum, Passcrmia tetrathoda. Ephedras pcrsicae - Aphis jabae. Aphis 
idaei, Brachycaudus sp., Dysaphis devccia, D. sorbs, L). spp., HyaJaphis melhfera, Myzus 
ligustri, Myzus cerasi, Phorodon humult, Rhopalosiphuin pads, RoepLca marchalt. Ephedras 
pl agio! or - Aeyrihosiphon caraganae, Aphis Jabae, A. Jarinosa, A. i does, A. nasiurlti, 
A. pomi, A. spiraephaga, A. spp., Brachycaudus cardui, B. spp., Cemrapltis criophori, 
Capitophorus sp., Dysaphis deveeta, D. sorbi, D. spp., Uyaloptems pruui, Jiyperoniyzus 
laclucae, Liosomaphis berberidis, Macrosiphum rosae, Myzoealhs coryli, Myzus cerasi, 
Phorodon htimuli, Procipluhis Jraxini, Rhopalosiphuin padi, Schizoncura ulnii, Lysiphlebus 
ambtguus - Aphis Jarinosa, A. schneideri, Lysiphlebus saluaphis - Chaiiophoms spp , 
Lysiphlebus thclaxis - Thclaxes dryoplnla. Monoclonus cerasi - Myzus ligusiri, Monoctonus 
pseudoplatani - Drepanosiphuni platanoides, Praott abjuium - Aphis aaccivora, A. fahae, 
A. Jarinosa, A. sambuci, A. vibtirni, Rhopalosiphuin padi, Praon Javtnode - Eucalhpterus 
liltae, Myzoealhs car pun, Tinocalhs platam, Tuberculoides aimnlatus, Praon rosaecola - 
Macrosiphum rosae, Praon vohure - Aeyrihosiphon caraganae. Aphis aaccivora, Dysaphis 
sp., Hyalopterus pruni, Maaostphum rosae, Protaphidius wissmmmi - Stomaphts quercus, 
Toxares delttger - Aeyrihosiphon caraganae, Tnoxys acalephae - Aphis aaccivora, A. 
farinosa, A. spiraephaga, Trioxys angehcae - Aeyrihosiphon caraganae. Aphis cognatella, 
A. aaccivora, A. Jabae, A Jarinosa, A. pomi, A. sambuci, A. spiraephaga, A. vtbunti, 
Ceruraphis enophon, Dysaphis deveeta, D sp , Rhopalosiphuin padi, Tnoxys ctrsti - 
Drepanosiphuni platanoides, Tnoxys Jalcatut - Penphyllus villosus, Tnoxys horlonnn - 
Tinocalhs plaiani, Tnoxys palhdus - Chromaphts jugtanJicola, Cucall, plans tihae. 
Myzoealhs carpmt. Tuberculous annulatus. Tnoxys pkyllapludis - Pkyllaphis Jagi. 
Similarly, as with the coniferous forest, the deciduous forest also exhibits strong 
peculiarities Nevertheless, there can be distinguished two groups of aphids and more 
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or less the same of parasites: the first group, represented mainly by the Callaphidid and 
Chaitophond apliids, etc., includes the true forest species, which arc monoecious 
and occur in forest habitats throughout the whole year. The second group repre- 
sented by a number of aphids (Myzinc, Aphidinc, Pcmphiginc species, etc.) is com- 
posed of species which arc either monoecious or dioecious, the latter arc therefore 
only temporary inhabitants of the deciduous forest habitats, as they migrate during 
the season to steppe type habitats, attacking various herbs there. Species of the latter 
group may cause damage both to the forest trees (Myztts ccrasi) or to the herbs (Aphis 
/abac). Contrary to the aphids, the sources of which in deciduous forests arc either 
chronic or temporary, the foci of parasites arc only of the chronic type. Mostly 
strictly forest species arc present m the fauna of parasites of deciduous forest habitats 
(parasites of Callaphidid and Chaitophorid aphids namely), nevertheless, due to the 
common intermediary character of clearings, edges of woods, shrubs, some species 
of parasites may exhibit also intermediary features as to the habitat dependence. 
-Forest undergrowth. Aphids: Awpltorophora anipullata - Dryoptcris austriaca, 
Aulacorthum dryopteridis - Dryoptcris austnaca, Aufacorthim chelidonii - Chclidonium 
majus, Aulacorthum gcrattii - Brodium cicutarium. Geranium affine, Aulacorthum sp. - 
Geranium xobeitianum, etc., Cavariclla spp. - Angelica silvcstris, Anthnscus silvestris. 
Impatient tiium balsamincs - Impatiens noh-tangerc, Liuosiphon galiopliagus - Galium 
silvaticum, Afttcrosiplmm daphnidis - Daphne mezereum, Afacrosip/mnt^ei - Geum sp., 
Macrosiphum prenanthidis - Prenanthes purpurea, Macrosiplmm stellariae - Stcllaria 
holostca, Nasonovia nigra - Hiecaciuin silvaticum, Nasonovia piloscllae - Hieracium 
pilosclla, Nasotiovia nbisnigri - Hieracium spp., Rhopalosipliotiimis sp. - Oxabs aceto- 
sella, Sitobium equiseti - Equisetum silvaticum. Parasites: Aphidtits equiscticola - Sito- 
biunt equiseti, Aphtdius hieracioruiit - Nasonovia nigra, N. ptlosellac, N. nbisnigri, Aphidtus 
loiticerae - Awpltorophora ampiillata, Aulatorthum dryopteridis, Macrosiplmm daplmtdis, 
M. gei, M. prenanthidis, M. stellariae, Aphtdius utatricariae - Liuosiphon galiophagus, 
Aphidius nigrescens - Aulacorthum gcranii and spp.. Ephedras lacertosus - Rhopalosiphoni- 
nus sp., Epltedrtis minor - Cavariclla spp., Ephedrus plagiator - Aulacorthum chelidonii, 
A. spp., Macrosiphum prenanthidis, A fouoctonus angustivahtts - Nasonovia nigra, Monoc- 
tonus caricis - ? Mouoctonus crepidis - Nasonovia spp., Monoctonus ttervosits - Impatient i- 
nntn balsamines, Praotl pnbescens - Nasonovia nigra, N. nbisnigri. Forest undergrowth 
has generally rather similar features irrespective of the type of forest, only pine 
forests seem to exhibit certain differences. Two groups of species seem to be recogniz- 
able: the one includes typical species of the forest undergrowth which have no 
relation to the aphids living on trees and shrubs: Aphidius hieractomm , A lonicerae, 
A. nigrescens, Monoctonus angustivahnts , M. crepidis, M. uervosus , Praon pnbescens, 
etc. The second group includes species wluch attack the different aphid species 
living in the undergrowth and on the deciduous trees and shrubs : Ephedrus plagiator, 
E. minor, etc. Therefore, m the deciduous forest there may be certaui relations 
between the tree and shrub strata and the undergrowth with respect to aplud parasites, 
while this is not the ease in coniferous forests, where the parasites attacking aphids on 
trees and in undergrowth arc strictly separated groups. 

- Peat fx>gj. Peat bogs exhibit a rather specialized fauna of aphids and associated 
parasites. Partially there are also represented various species connected with the 
occurrence of Pinus or Betula m the bogs. Diaeretellns species form a typical complex 
associated with aphids attacking mosses. They are rather specialized and economically 
almost indifferent. RJiopalosiplunn nymphacae seems to be the only economically 
important aphid, which finds ns secondary host plants in peat bogs, being a pest on 
its primary host plants, the Primus trees. In peat bogs, it is attacked by a specialized 
parasite Praon means, which seems to have its foci in these places. 
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-Orchards and orchard avenues. Aphids: Allocotaphis quaestionis — Malus silvcstns, 
Aphis idaei - Rubus idacus, Aphis point - Malus silvcstns, Brachycaitdus cardui - Prunus 
domcstica, Brachycaudus helichrysi - Prunus domcstica, P. pcrsica, Calf aphis juglandts - 
Juglans rcgu, Chromaphit juglandicola - Juglans regia, Cryptomyzus ribis - Ribcs 
rubrum, Dysaphis devecta - Malus silvcstns, Dysaphis spp. - Pirns communis, Malus 
silvestns, Hyalopterus prutti - Prunus domcstica, P. pcrsica, P. armcmaca, Hyperomy- 
zus lactucae - Ribcs nigrum, Myzus cerasi - Prunus avium, P. census, Myzus per - 
stcae — Prunus armcniaca, Nectarosiphon rubi -Rubus idacus, Phorodon humuU- 
Prunus domcstica, RhopaJosiphon ttymphaeae - Prunus domcstica, P. pcrsica, P. ar- 
memaca, Schizoneura uhni - Ribcs sp. (roots). Parasites: Aphidtus matricariae - Myzus 
cerasi, Aphidius nbis - Cryptomyzus ribis, Ephedrus cerasicola - Myzus cerasi, Ephedrus 
persicae - Allocotaphis quaestionis, Aphis idaei, Brachycaudus helichrysi, Dysaphis devecta, 
D. sp., Myzus cerasi, Phorodon huinuli, Ephedrus plagiator - Aphis idaei, A. point, 
Brachycaudus cardui, Dysaphis devecta, D. spp., Hyalopterus pruni, Hyperontyzus lactucae, 
Myzus cerasi, Phorodon himtuli, Upolexts gracilis - Brachycaudus helichrysi, Myzus cerasi, 
Praoit volucre — Dysaphis sp., Hyalopterus pruni, Trioxys augeltcae - Aphis potni, Braclty - 
cattdus helichrysi, Dysaphis devecta. The fauna of orcliurd undergrowth is practically 
represented by the meadow and rudcral elements (see below). Orchard habitats 
exhibit many features of forcst-typc habitats, however, the general cliaractcr is 
somewhat of intermediate type due to the existence of undergrowth, where many 
species of steppe-character may be found as well. Generally, there arc either pcrcnially 
(Aphis potni) or seasonally present species (Dysaphis devecta, Hyalopterus pruni, Myzus 
cerasi, etc.), the sources of aphids being therefore chronic or temporary'. As orchards 
and avenues represent perennial communities of a forest type, the foci of parasites arc 
of the chronic type. Nevertheless, due to the selection of plant species grown, there 
may be a seasonal lack of certain aphids, and this may force the parasites to search for 
the hosts m the orchard neighbourhood; for this reason, the composition of the 
orchard neighbourhood and interrelations of the habitats arc evident. Similarly as 
in the deciduous forest, there may be chronic sources of aphid pests in orchards, 
from which they may disperse to other field crops and cause damage. This is the case 
of Phorodon humuU, Myzus persicae, Hyalopterus pruni, etc. 

- Parks, shady tree avenues. These habitats arc of forest ty pc, although the composi- 
tion of plants is mostly artificial. However, the greatest part of the plant spcdcs found 
here can be met with in nature as well; only a minor part of trees and shrubs arc not 
found in a wild state, these species being mostly of exotic origin. The above condi- 
tions have a corresponding influence on the fauna of aphids and parasites winch is 
identical to that of the corresponding types of forests. Similarly, only chronic foci of 
parasites can be found in parks. 

- Hop gardens. Aphids: Phorodon huntuh. Parasite : Ephedrus plagiator, Trioxys liuntuh. 
Hops are infested seasonally by Phorodon humuU, which has Prunus species as its 
primary host plant. Chronic foci are present in forest type habitats, the occurrence 
on hops is only of a temporary character. Because of the life cy cle of the aphid and 
the presence of chronic foci of parasites, there arc strong connections between the 
hop gardens and the neighbourhood, orchards, slirubs, and deciduous forests namely'. 
-Meadows. Aphids- Acyrthosiphon pisunt - Lathy rus sp., Mcdicago spp,, Mclilotus 
albus, M. officinalis, Tnfolmm spp., Vicu spp., Acyrthosiphon spartii- Sarothamnus 
sccpanus, Anoeaa sp - Agropy rum repens. Aphis eraccae - Vicu scpium, V. cracca. 
Aphis tract ivor a - Mcdicago sativa, Onobrychis sauva. Tnfohum sp. Vicu sp.. 
Aphis euphorbiae - Euphorbia cypanssus. Aphis Jabae - Cirsium sp , Chcnopodmm 
sp., Ccntaurca cyamis, Carduus sp , Campanula sp., Rumex sp., Urtica urens, etc.. 
Aphis galu-scabri - Aspcrula cyiunchica. Aphis mtybi - Cichonum intybus. Aphis 
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lambersi- Daucus carota, Aphis plautagtuis - Plantago spp., Aphis potent - Sanguisorba 
minor. Aphis roephei - Potcntilla rep tans, P. anscrina, Aphis nunicis - Rumex sp., 
Aphts salviac - Salvia spp.. Aphis stachydis- Stachys recta. Aphis taraxadcola - Taraxa- 
cum officinale. Aphis thomasi~ Scabiosa columbaria. Aphis urticata — Urtica dioica, 
U. mens. Aphis vandergooti - Achillea millefolium. Aphis vcr&asri -Vcrbascum 
austnacum, Brachycaudus ballotae- Ballou nigra, Brachycaudus car Jut - Card u us spp., 
Matricaria sp., Arctium sp., Brachycaudus hclirhrysi- Anthemis sp., Arctium sp., 
Brachycaudus lyclutidts - Mclandnum rubrum, BrachyeauJtts mordit'ilhoi - Ecliium vul- 
garc, Brachycaudus nmtcxtcoleits - Rumex acetosclla, Brachycaudus iragopogonis - Tra- 
gopogon pratense, Brcvicorytie brassicae - Brassica spp., Cavariclla sp. - Daucus carota, 
Colorado a aclnlleac ~ Acliillca millefolium, Coloradoa tauacciitia - Tanacctum vulgarc, 
Cryptosiphutn artemisiae - Artemisia vulgans, Daciyi touts act tens - Card u us spp., Dac- 
tynottis campanulac - Campanula spp., Dactyitolus achorii - Cichoriuin intybus, Crepis 
biennis, Ccntaurca cyanus, Lcontodon lnspidus, Lapsana communis, Dactyitolus 
cirsii - Cirsium sp., Dactyttotus jaccac - Ccntaurca jacca, C. scabiosa, C. stoebe, 
Dactyitolus Imariae - Aster lmo$) ns, Dactyttotus picridis - Picris lucracioidcs, Dacty- 
uotiis sonclti - Sonchus olcraccus, Dactyttotus taraxact - Taraxacum officinale, Dysaphis 
crataegi - Daucus carota, Dysaphis spp. - Arctium lappa, Caliobittin langei - Galium 
verum, Hayliurstiaatriplicis - Atfiplcxsp., Chcnopodium sp., Hyadaphis sp. - Coniuni 
maculatum, Hyadaphis hoffinaimi - Galium verum, Hyadaphis sp. - Galium verum, 
G. moUugo, Hyperomyzus lactucac - Sonchus asper, S. olcraccus, Linosiphott asperu- 
lophagus - Aspcrula odorata, Lipaphts crysimi - Erysimum crysimoides, Macros ipho- 
iiiclla atsmdiii - Artemisia absinthium, Macrostphoutella artanisiac - Artemisia vulga- 
ns, Macrosiplioniella haufmauni - Achillea millefolium, A. pontica, Macrostphoniclla 
tmllefolii - Achillea millefolium, A. nobilis, Macrosiphoniclla pulvcra - Artemisia ma- 
rittma, Macrosiplioniella stdgcri - Ccntaurca stoebe, Macrosiphomella tauacetaria - Ta- 
nacctum vulgarc, Macrosiphoniclla xcranthaiti - Xeranthemum foctidum, Macrosiphum 
cuplwrliwc-Euphorbia cyparissns, Metopcuriim •fiiscoinridc-'Tanacctum vulgare. Micro- 
lophium cvaitsi - Urtica dioica, Microstphum nudum - Achillea nobilis, Mirotarsus cypa- 
rtssiae - Euphorbia cypanssias, Afyzus audits - Cerastiuni tomentosum, Myzus persicae 
~ Papaver dubium, Urtica urens, Myzus ajtigac - Ajuga reptaus, Paezoskia major - 
Echinops sphacrocephalus, Phalaitgomyzus obhngus - Artemisia vulgans, Protaphis 
carlinae - Carlina sp., Pscudobrevicoryne crysimi - Erysimum crepidifoliuru, E. dubium, 
Seiniaphis dattci — Daucus carota, Sipha maydis — Medicago falcata, Siphasp. — Agropy- 
rum Tepens, A. sp., Sitob/iim spp. - Fcstuca nemoralis, Lolium sp., Dactylis glomerata, 
etc., Staegcriclla necopinata - Galium verum, Therwaphis spp. - Melilotus albus, Me- 
dicago sativa, etc., Titanosiphon artemisiae - Artemisia campcstris. Parasites: Aphidttis 
absinthii - Macrosiphoniclla absinthii, M. artemisiae , M. hau fmatmi, M. millefolii , M. 
pulvcra, M. stageri, M. xcranthaiti, Aphidttis avenae - Sttobium spp., Aphidius ervi — 
Acyrthosiphon ptsutn, A. spartii, Microlophnnn evanst, Aphidius futtebris - Dactyttotus 
acnciis, D. campanula?, D. picridis, D. sonclti, Paezoshia major, Aphidius matricariae - Galio- 
biuiu langei, Hyadaphis Uofmaimi, Linosiphott apsenilophagus , Myzus ajugae, Aphidttis miro- 
tarsi — Mirotarsus cypanssiac, Aphidius pascuorum — Sttobium sp., Aphidius phalagomyzi — 
Phalaitgomyzus obhngus, Aphidius ptetpes ~ Myzus auctus, M. persicae, Aphidius salicis - 
Aphis lambcrsi, Cavariella spp.. Semiaphis dauci, Aphidius sonclti - Hyperomyztts lactucae, 
Aphidius tanacctarius - Mclopeurum fuscoviride, Diaeretiella rapae - Brachycaudus helichrysi, 
U. rmiiexicoicui, Brevicoryue fcrossiYoc, Dariyiioius sp., Hayfuirsiia atriplkis, Myzus persicae, 
Sttobium sp.. Ephedras campcstris — Dactyttotus act tats, D. cichorti, D. jaccac, D. obsatrus, 
D.picridis, D. sonclti, Maerosiphouiella absinthii, M. millcfoUi, Ephedrus uacheri — Cry pto- 
si phu m artemisiae, Hayhurstia atriplicis, Ephedrus persicae { rare) — Aphis fabae, Brachycaudus 
helichrysi, B. lychnidis, Ephedrus plagiator - Acyrthosiphon spartii. Aphis aaccae, A. fabae. 
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A. urticata, Rhopalostphunt padt, Sitobium spp., Lipolexis gracilis - Aphis craccae, A. crac- 
ctvora, A. euphorbias, A. fabae, A. intybi, A. planfagittis, A. salviae, A. taraxaeicola, 
Brachycatidus cardui, B. kelichysi, B. mordwilkoi, Lysaphidus arvensis - Coloradoa aclnl- 
Icac, C. artemisiae, C. tanacetwa, Lysaphidus erysimi - Ltpaphis erysimi, Pseudobrevicoryne 
erysimi, Lysiphlebus ambiguus - Aphis urticata, Hyadaphis sp., Lysiphlebus arvicola- 
Sipha maydts, Sipha spp., Lysiphlebus fabarum - Aphis craccivora, A. euphorbiac, A. fabae, 
A. intybi, A. lambersi, A. newtoni, A. plantaginis, A. polygonata, A. point, A. poteni, 
A. roepkei, A. rwnicis, A. salviae, A. stachydis, A. taraxaeicola. A, thomasi, A. urticata, 

A. vandergoo'i, A. verbasci, Brachycatidus cardui, B. rumexicolens, B. tragopogonis, Hypero- 
myztts lactucae, Microsiphum nudum, Paczoskia major, Protaphis carltnae, Sitobium sp., 
Lysiphlebus fritzmitelleri - Aphis craccac, Lysiphlebus lurttcontis - Metopeurumfuscoviride, 
Lysiphlebus melandnicola- Brachycatidus lychnidis, Parahpsts eucrvis - Anoecia spp., Aphis 
roepleei, Brachycatidus ballotae, B. cardui, B. mordwilkoi, Dysaphis crataegi, Praon absinthit 
- Macrosiphoniellaabsinthti, M. millefolti, Titanosiphon artemisiae, Praon dorsale - Acyrtho- 
siphoit pisum, Dactynotus campanulae, D. cichorii, D.jaceae, D. litiariae, D. taraxaeicola, 
Paczoskia major, Praon exoletum - Thertoaphis spp., Praon volucre-Brachycaudusheltchryst, 

B. lychnidis, Brevicoryne brassicae, Hyperomyzus lactucae, Macrosiphum euphorbiac, Micro- 
lopliiuni evansi, Sitobium sp., Trioxys angehcae (rarely) - Aphis fabae, Myzus persicae, 
Aphis salviae, Brachycaudus sp., Trioxys brevicornis - Cavariella sp., Hyadaphis sp., H. 
bupleurt, Staegcriella uecopinata, Trioxys centaureae - Dactynotus aeneus, D. campanulae, D. 
cichorii, D.jaceae, D. obscurus, Macrosiphoniella artemisiae, M. millefolti, M. tanacetaria, 
Microlophiitm evansi, Trioxysglaber - Aphtsgalti-scabri, Trioxys pannonicus - Titanosiphon 
artemisiae, Trioxys parauctus - Hyadaphis sp. Fauna of meadows includes a great number 
of aphid and parasite species. Generally, and tliis generalization may well be document- 
ed by the above lists, it is a mixture of pest aphids, alternative hosts of useful parasites 
and indifferent species; both temporary and chronic sources of aphids may be found 
in meadows. The fauna of parasites includes both economically useful and indifferent 
species; the parasite foci arc mostly of the chronic type. Due to the rather hctcroge- 
ncous character of meadows, which covcralso roadsides, orchard undergrowths, verges, 
etc., it seems that the pest aphids present here arc usually very heavily influenced 
by the parasites: meadows arc a perennial community, where the parasites find 
enough various hosts and successfully overwinter as well. Meadows — districts 
such as roadsides, verges, etc. — arc well known foci, from which the parasites disperse 
to the neighbouring crop fields. 

- Reed thickets (Phragmites communis). Aphids; Hyaloptcrus pruni. Parasites : Ephedrus 
plagiator, Praon volucre, AphiJtus Iranscaspictis — initial establishment. Reeds represent 
a perennial community, associated with ponds, marshes and wet meadows. They arc 
often mixed with forcst-tjpc habitats. They arc temporarily inliabitcd by Hyaloptcrus 
pruni, having Prunus spp. as its primary host plant. However, the primary and 
secondary host plants can often be found m the neighbourhood so that their habitat 
may be classified as identical. Chronic foci of parasites arc included in forest habitats, 
from which the parasites disperse to reeds. Although reeds arc a perennial commu- 
nity, they are infested by aphids only for a certain part of the season. Due to the hfc- 
C)clc of the aphid and occurrence of chronic foci of parasites, reeds have connections 
with shrubs, deciduous forest edges, orchards, and gardens. 

- RuJcmls. Rudcral places, being associated with various plants, exhibit an ex- 
tremely nch fauna of aphids and parasites The aphids include pests, alternative hosts 
of useful parasites, and indifferent species. The composition of the rudcral flora may 
be other rather heterogeneous, or often a monoculture or several dominant species 
arc found m a rudcral Both annual and perennial plant species can be found here. 

Achillea, Artemma. Taiucctum arc very common. They arc infested by a spe- 



cialized. aphid fauna ( Macrosiplmiclla, Dactyiiotus, Coloradoa , Metopeurunt, etc.}, to 
which a rather specialized complex of parasites is attached ( Aphidius, Ephedrus, Praoit, 
Trioxys). All of them represent almost entirely indifferent species. 

Urtica dioica is mostly attacked by Microbphium cvatisi and Aphis i irticata. Both 
aphids arc entirely economically indifferent, but they arc alternative hosts of a 
number of useful parasites. 

Chcnopodiun and Atnplex arc hosts of pest apliids such as Aphis /abac or Myzus 
persicae and a phids-al tentative hosts of useful parasites (Hayhurstia atriplicis). Both 
pest aphids arc attacked here by the same parasites as on various crops. 

Cirsium — and Carduus — plants arc mostly hosts of pest aphids: Aphis /abac, 
Brachycaudus spp., etc. Both these aphids occur here only seasonally, being dioecious 
species. The parasite complex is the same as m the crop fields. 

The above mentioned examples illustrate the heterogeneity of relations of rudcrals 
to other habitats as well as the necessity of individual approach to cacli weed plant. 
Data on aphids and parasites may be found in the above chapter (meadows). 

The foci of parasites in rudcrals arc temporary or chronic, this depending on the 
species of the parasite. 

- Alfalfa field. Aphids: Acyrthosiphon pistim, Thcrioaphis sp., Aphis craccivora. Para- 
sites: Aphidius ervi - Acyrthosiphon pisunt, Praon exelctuni- Thcrioaphis sp ., Lipolexis 
gracilis and Lysiphlcbus fabarum - Aphis craccivora. 

Alfalfa field is a perennial community. Acyrthosiphon pmmi and Thcrioaphis sp. are 
moncocious species; alfalfa field includes their chronic sources, from which they 
disperse to other crops (Arynfiojipfxm pisuin to pea, clover, etc.) or to waste places, 
roadsides, etc. Aphis craccivora is probably a dioecious species, occurring on alfalfa in 
spring and in autumn only, being absent during the summer. Foci of parasites arc 
also chronic. In A. craccivora, however, their character is more temporary; the para- 
sites, due to the presence of their host, occur in the field ui spring and in autumn only, 
they may overwinter hcie and reappear m spring, however, later ui the season they 
are forced to disperse to the neighbourhood due to the seasonal absence of their host 
and lack of other suitable hosts in the alfalfa community. Alfalfa field, due to its 
perennial character and presence of chronic sources of aphids and foci of parasites, 
has close relations to the neighbourhood. Acyrthosiphon pistttn attacks a number of 
leguminous plants, both crop and wild species, dispersing from alfalfa to annual 
leguminose crops namely. Therioaphis is a similar case. Apltts craccivora is widely 
eurytopic and polypliagous, occurring on a number of wild plants and causing 
damage to various crops. 

- Cereal crop field. Aphids ; Anoecta spp., Metopolopluuni dirhoduni, RJiopalosiphum padt, 
Sipita maydis~Sitobium spp. Parasites: Aphidius avenue - Sifobisim spp., Ephedrus plagia- 
tor - Sitobium spp., Rhopalosipliuni padt, Lysiphlcbus arvicola - Stpha maydis, Paralipsis 
eucrvis - Anoecia sp. (roots). Cereals are typical annual crops. The aphids can be 
divided into two groups: the first group includes the dioecious species such as 
Rhopalosipliuni padi and Anoecta spp., which migrate to cereals from their primary 
host plants from forest type habitats; these aphids have mostly different parasites on 
their primary host plants (forest habitats) and on cereals (fields). The second group of 
aphids includes the monoecious species which hve on various wild grasses and disperse 
to cereals during the season. As to the aphid biology, there are basic relations of 
cereals to the deciduous trees (forest type habitats and intermediate habitats) and to 
wild grasses (steppe type habitats). With respect to the parasites, there are relations to 
steppe liabitats only (waste places, fallow lands, roadsides, etc.), while the penetration 
of some forest elements into cereal fields is still unclear. 

- Rape field. Aphids: Brevicoryne brassicac. Parasite: Diaereticlla rapae. Rape is an 
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annual crop. B. brassicae disperses to the field from its hibernating sites, its sources 
in the field being temporary', similarly as with the foci of parasites. A rape field has 
dose relations to cabbage fields and waste places namely, chronic fori of parasites 
may be found especially in waste places in spring, non-cultivatcd cabbage fields 
may serve as temporary foci of parasites as well. 

-Cabbage Jicld. Aphids: Brevicoryue brassicae, Myztts pcrsicac. Parasites: Diacrctiella 
rapae. Cabbage is an annual or bicunal crop, foci arc temporary, similarly as 
with the sources of aphids, however, if there is no tillage in the autumn the parasites 
may hibernate in the field too. Sources of aphids and foci of parasites arc almost 
identical, except that the foci of the parasites arc more extensive due to their host 
specificity range. A cabbage field has close relations to other Iirassicaccous crops and 
waste places, on which various brassicaccous weeds may also be found. 

- Potato Aphids: Aphis frangulae, Myzus pcrsicac, Macrosiphtun cupliorbiac, etc.. 

Parasites: AphiJms picipes and Diacretiella rapae — Myzus pcrsicac. Potato is an annual 
community. All the aphids are seasonal pests, migrating to potatoes from the sources 
ill the neighbourhood. Temporary foci of parasites arc present in potato fields: 
Aphidius picipes seems to be attached to Myztis pcrsicac exclusively, while Diacrctiella 
rapae parasitizes also Brevicoryue brassicae and Hayhurstia atriplicis that occur on various 
weed plants. Due to the life-cycle of aphids there arc complicated relations between 
potatoes and other habitats where primary host plants and other sources of aphids 
occur. Parasites disperse to the field from chronic and temporary foci in the neigh- 
bourhood, apparently mostly from rudcrals, fallow lands, and roadsides, but possibly 
from sugar beet fields, cabbage and rape fields in addition. 

-Sugar beet field. Aphids: Aphis fabae, Myztis pcrsicac. Parasites: Lysiphlcbus fabarum, 
Lipotexis gracilis, Trioxys acalephae - Aphis fabae, Diacrctiella rapae -Myzus pcrsicac. 
Sugar beet is a typical annual crop, bicnnal if grown for seed. Both aphids mentioned 
occur here in spring -summer period, leaving the crop before harvest. Fori of 
parasites arc extremely temporary, sometimes lasting a little longer due to the pres- 
ence of w ccds such as Chenopodium. on w hicli both aphids feed and arc also attacked 
by the same parasites as in the sugar beet. On some weeds (Chenopodium) sonic 
alternant c hosts of the parasites can be found as w ell (Hayhurstia atriplicis - Diacrctiella 
rapae). Due to the hfc-c)clc of aphids, sugar beet has close relations to the forest 
edges, etc., where primary host plants of pest apliids (Aphis fabae) occur. Sugar beet, 
too, is a source from which the aphids disperse to other crops and weeds during the 
season. As only temporary foci of parasites occur in the sugar beet field, the presence 
of chrome foci of parasites in the neighbourhood is important. 

- Classif cation. In C. Europe, where a great part of the landscape represents culti- 
vated areas, the research and classification of parasite foci is rather important. 

In forests, which represent rather stable communities, most!) a good equilibrium is 
maintained except for some cases which arc dearly a ease of parasite inability to 
limit the host outbreak. A special problem is represented by aphids which are 
temporary inhabitants of forcst-tjpc habitats as they occur here on their primary 
hint plants on!), anj migrate then to ficIJ crops causing damage there. 

Orriurds represent a great problem wuh respect to the presence or absence of foci 
in orchards or in tlicir neighbourhood I'cculumics of aphid lifc-c)dc play a rather 
important role. 

Meadows seem 10 be one of the habitats to which the biological control aittvit- 
ics be duelled with respcit to parasite conservation, as meadows include 

rather valuaile chriKiu. f.m ol s arums parauicu Fl*e heterogeneous character of 
jlani composition and its aphtdofauua are raiher useful for various paraute 



Meadow-type habitats arc rather important for parasite conservation ami their 
possible dispersal to field crops. 

Perennial crops (alfalfa) seem to be rather useful with respect to biological control 
through the occurrence of chronic foci of parasites. The relatively stable environ- 
ment allows us to classify the role of parasites in such environments with respect to 
natural limitation and aphid control. 

Annual crops, being unstable environments, seem to represent rather difficult areas 
as to aphid control due to the dispersal and foci of parasites for example. The 
extensive acreage of a monoculture and relatively few places in the neighbourhood 
(chronic foci of parasites) from which the parasites would disperse to the crop in 
connection with dispersal of aphids, may be mentioned. 

Rudcrals. The position of ruderals must be classified with respect to separate eases 
and prevailing plant composition. On the one hand, they represent sources of pest 
aphids, on the other hand the chronic foci of parasites arc also present. In certain eases 
they might be useful in biological control (conservation of parasites). 

- SOUTH EUROPE (ITALY). 

- Seashore, grassy habitats and Macchia. A comparatively narrow zone is formed by 
steppe type growth and fallow lands and various waste places not overgrown by 
trees belong to it as well. 

Aphids: Aphis spy. - Psoralcabitununosa, Sedum mpestre, Mchlotusalbus, Ranun- 
culus bulbosus, Mentha arvensis, Brarhyeaudus sp. - Carduus pycnoccphalus, Dacty- 
uotus sp., - Sonchus oleraccus, Hyperomyzus sp. - Sonchus olcraccus, Protaphis sp. - 
Centaurca aspera, Sipha sp. - Lohum perenne v. rigidum, Hordcum muruium, 
Avena sativa var. barbata, Sitobiu/n sp. - A vena saliva var. barbata, Parasites: Lysi- 
phlebus arvicola - Sipha spp., Lysipltlebtis ambigmis and L. fabanim - Aphis spp., Aphidms 
funebris- Dactynottis sp., Trioxys aealephae - Aphis spp., Aphidius avenac - Sitobium spp. 
A typical characteristic of this association is us seasonal occurrence, as due to the 
insolation the plants are mostly infested by a seasonal aphido fauna and there are, with 
some exception (Lysiphlebus arvicola) only temporary foci of parasites. Sipha species 
may be mentioned as a possible pest on cereals. It is a holocychc species and it occurs 
in such and similar habitats all through the year, attacking various grasses; as ns 
parasite, L. arvicola, is a strictly specialized species, the habitat includes its chronic 
fori. Therefore, grassy habitats on the sea-shore mostly mclude temporary foci of 
parasites, with the exception of L. arvicola that occurs here perennially in chronic 
foci. In the close vicinity of tins zone there are shrubs and trees, among which are 
often situated orchards (olives, fruit trees) or small oat fields, carnation fields, and 
small places of more or less natural community, the macchia forest. Li olive and fruit 
orchards there is a comparatively specifically numerous undergrowth of various 
herbs that represent a natural intermediary zone between the steppe coastal zone 
and shrubs and trees. Aphids: On trees and shrubs - Aphis ponii - Crataegus sp., Malus 
silvestns. Aphis spp. - Tamanx sp., Rubus spp., Sarothamnus scoparius, Cniara sp. - 
Pinus halcpcnsis, P. raaritima, Forda spp. - Pistacia tcrcbmthus, P. lentiscus, Hyriop- 
tcrus pruiti - Prunus pcrsica, Hyadaplns sp. - Lomcera nnplexa, Myzus various - 
Prunus persica, Schizoiicura sp. — Ulmus campestris. The grassy undergrowth and 
open places- Aphis fabae- Fumaria capreolata, Vicia sativa var. macrocarpa, V. faba. 
Aphis Moris - Hypericum perforatum. Aphis sp. - Tonlis arvensis, Centranthus 
ruber, Lavatcra cretica, Putosporum tobira, Sedum mpestre, Rubia tinctorum, 
Carduus pj cnocephalus, Euphorbia cyparissias, Anum majus, Chrysanthemum 
segetum, etc., Aulacorthum sp. — Pelargonium sp. (ornamental), Brcvicorync brassuae - 
Moricandia arvensis, Dactynotus spp. — Sonchus arvensis, S. oleraceus, Reichardia 
picroidcs, Lougiutiguis donacis - Arundo donax, Macrosiphunt rosae - Rosa sp., Schiz- 
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aphis bnyamdata - Arundo donax. Parasites: Aphidius funibris - Dactynotus spp., 
Aphidius rosae - Macrosiphuin rosae, Aphidius tratiscaspicus - Hyaloptcms prtnti, Longitui- 
guts donacis, Ephedras plagiator - Aphis spp., Lysiphlcbtis ambiguus, Mouoctonia pista- 
ciaecola - Forda spp., Pauesia sp. - Cniara spp., ftaon volucre - Hyaloptcrus prinii, Tricxys 
aealephae - Aphis spp., Trioxys aiiqclicae - Aphis point. The community represents a 
highly mixed complex. The forest and steppe habitats arc mixed with various 
cultivated plots. For this reason, in many eases chronic foci of parasites can be found 
here. Pest aphids — Aphis pomi, Hyaloptcrus pruni. Aphis j, abac — find various host plants 
among the cultivated and wild species, the habitat including therefore their perennial 
sources. Of the useful parasites, the following species can be mentioned: Aphidtus 
tranuaspicus, Ephednts plagiator, Lysiphlcbtis ambii’iius, Praoti I'olucrc, Tnoxys aealephae, 
T. an^cluac. Therefore, a scmicultivatcd macchia forest includes chronic foci of 
parasites, lloth pest species and alternative hosts of useful parasites arc present. 
-OrcharJs. Various orchards, mainly citrus, peach and mixed orchards were 
studied. The undergrowth is very heterogeneous and depends on the degree of 
cultivation. Aphids: Orchard trees - Aphis pomi - Mains silvcstris, Csdouia sp., 
Aphis punicae - Punica granatum, Aphis spp. - Liquiricia sp., Ncspdus gcrmanica, 
Brachycaudus sp. - Prunus pcrsica, P. ani)gdalut, Chromaphis jutfandicola - Juglans 
regia, Hyaloptcrus pruni - Prunus pcrsica, A iyzus sp. - Prunus persica, Toxoptcra auran- 
m - Citrus sp. Undergrowth - Acynhosiphon pisum - Mehlotus albus. Aphis fabac - 
Chcnopodium sp.. Aphis umbrella - Malva silvcstris. Aphis spp. - Pa paver rhocas, 
Amaramhus asccndcns. Polygonum lapathifolium, Rubus sp., Mclilotus albus, 
Urtica urens, Brachycaudus sp. - Carduus p)au>cephalus, Brevicoryne brassuae - 
Er) simuin lucracifohum, Dactynotus sp. - Sonchus oleraccus. Inula viscosa, Carthamus 
laiutus, Hayhurstia ainphas - Chcnopodium sp., Hyivromyzus sp. - Sonchus oleraccus, 
Maaosiphouiella sp. - Artemisia sp.. Semiaphis dauci - Daucus carota, Sipha sp. - Avena 
sativa. Sitohum sp. - Avena sativa. Parasites: Aphidius absinthii - Mairostphoniella sp., 
AphtJms fiincbiis - Dacrptoius sp., Aphidius tranuaspicus - Hyaloptcrus pruni, AphtJius 
cn » - Mytihostphon pisum, DiaercticJIa rapac - Brevicoryne brassiest, Lipclexis gracilis - 
Aphis spp., I'oxopttra aurauni, Lysiphlcbus ainbtguus - Aphis spp., I*raon volucre - Hyal- 
op terns pruni, Tnoxys aufcluae - Aphis spp., Toxoptcra aurauni. 



ways. Irrigating ditches and their neighbourhood arc bordered by Populus sp. 
[Chaitophorus sp., Pterocomma spp.) and often grown by Arundo dona x (Lougiungnis 
domcis) and Phragmites communis [Hyahptcrus prtim). An orchard neighbourhood 
is extremely important with respect to foci of parasites of orchard pest aphids and 
sources of aphid pests. In tills respect, Pittosporum tobira, Crataegus and Glyphinia, 
Phragmites may be said to be unsuitable as they represent sources of pest aphids 
that infest fruit trees m orchards. On the contrary, the occurrence of Ncrium olean- 
der, Hedera helix, Rosmarinus officinalis, Arundo donax in hedges seems to be 
beneficial as their aphid fauna is economically indifferent and represents alternative 
hosts of orchard pests. Some other plants, such as Qucrcus, Rosa 3iid Populus arc 
quite indifferent to the orchards. Orchards themselves have certain relations to 
related types of forests and parks; the undergrowth has relations to steppe, fields, 
meadows and ruderals. 

- Alfalfa field. Aphids: Acyrthosiphon pisnm, Thcrioaphis trifolli. Parasites: Aphidius 
ervi and Praon dorsal c - Acyrthosiphon pisum, Praon c.xolettim - Thcrioaphis trifolii. 
Alfalfa field is a perennial community. It includes chronic foci of parasites of both 
apliids mentioned. 

Due to the presence of chronic sources of aphids and chronic foci of parasites, the 
alfalfa field is a source from which the aphids and parasites disperse to the neighbour- 
hood— to annual crops, etc. In meadows, waste places, etc., there can be plants 
(Leguminous) infested perennially by the same aphids and parasites — chronic sources 
and foci occur here as well. 

- Afforestation belts, seashore. In afforestation of sea-shore sands ui S. Italy (Sicily) 
Eucalyptus tree and Pinus pincopinastcr are used. Aphids: Cinara sp. - Pinus pmc- 
opinaster. Eucalyptus - no aphids. Parasites: Paucsia sp. - Cuiara sp. Afforestation 
groves represent forest-like associations where chronic foci of Cinara parasites can 
be found. The Eucalyptus tree is indifferent. However, there arc no relations to 
other habitats, the aphids associated with Pinus and their parasites being connected 
with conifers exclusively. There arc no relations to cultivated crops either. There 
may be certain affinities to the macchia forest (coniferous trees as well). 

- Valleys of rivers. Apliids: Aphis nerii - Nenum oleander. Aphis sp. - Tamarix sp., 
Chaitophorus sp. - Populus sp., Dactynotns inulac - Inula viscosa, Longiungtiis donacis - 
Arundo donax. Pemphigus sp. - Populus sp., Sipha sp. - Agropyrum sp., Hyaloplerus 
pntui - Phragmites communis. Parasites: Apiiidius transcaspicus - Hyalop terns print i, 
Lotigiutlgttis donacis, Lysiphlebus arvicola - Sipha sp., Lysiphlcbns salicaplus - Chaitophorus 
sp., Mouoaoiiia pistaciaecola - Pemphigus sp.. Ephedras campcstris - Dactynotns itiulac, 
Praon volticrc - Hyalopterus pruni. 

Valleys of rivers and brooks represent a mixture of various elements: Elements of 
deciduous forests following the rivers, besides, there are numerous weeds and other 
plants of the neighbouring habitats represented m such communities. Due to the 
partially evergreen character of associated communities, chronic and temporary foci 
of parasites are present; they may include both useful and indifferent species. Sources 
of water — the rivers, brooks and irrigating ditches — are extremely important for 
agriculture because of irrigation, microclimate conditions, etc. The water sources 
are, therefore, connected with all the various habitats from forest to semidcsert 
landscapes, they are transzonal. The high humidity near the rivers and brooks enables 
the existence of forest elements and associated aphid fauna far to the south, the 
neighbourhood being different. As a result, valleys of nvers represent habitats from 
which, on the one hand, the forest fauna disperses into suitable neighbouring habitats, 
on the other hand, a number of steppe and semidcsert species are concentrated here 
during the hot summer period. These features give the river valleys, brooks and 
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irrigating ditches great importance. Besides indifferent species ( Ephedrus campestris), 
many useful species arc present here which attack certain apliid species, but may 
disperse to suitable habitats in the neighbourhood: Trioxys angchcae parasitizes 
Aphis spp. here, but attacks Toxoptera aurantii in the Citrus groves. Lysiphkbus 
anibiguus, a common parasite of Aphis far'uiosa on Salix, is a similar ease. In other 
eases, there may be also sources of pest aphids and foci of associated parasites. Exam- 
ple: Hyalopterus pruni on Pliragmites communis. It disperses from here to peach 
orchards. Its parasite, whose chronic foci are in reeds, attacks both Hyalopterus pruni 
on Pliragmites and Longiungiiis donacis on Arundo donax. If the fact that Phragmites 
communis and Arundo reeds arc associated with irrigating ditches near peach 
orchards is taken into consideration, the importance of the habitat relationship is 
apparent. 

- Classification. In the and districts of S. Italy the most important seem to be the 
river and brook valleys, irrigatuig ditches, and all the moist habitats, where chronic 
foci of parasites and often chronic sources of pest apluds may be found. The remains 
of virgin steppe, scmidcscrt, waste land, etc., seem to have a minor importance due 
to their seasonal character which mostly allows the presence of temporary foci of 
parasites only. 

- CAUCASUS (GEORGIA). 

- Citrus and tea plantations. The Black Sea Coast district is a part of the Mediterra- 
nean Citrus growing area. Citrus and tea plantation are mixed; sometimes tea is 
grown as a shrub layer of Citrus orchards. Besides other orchards, parks and gardens 
arc common, as well as shrubs, fallow land and small forests. Aphids: Toxoptera 
aurantn - Citrus spp., Thca sinensis, Camcha sp. (ornamentals), Aphis aaccivora - 
Citrus sp. Parasites: Lysiphkbus ambtguiu - Toxoptera aurantii. Aphis aaccivora. Aphis 
spp. (undergrowth), Lipolexts gracilis - Toxoptera aurantii, probably also Trioxys 
angehcae. As to its origin, Toxoptera aurantii is an introduced pest, while its parasites on 
the Black Sea Coast arc indigenous. Because of seasonal outbreaks of the pest, it is 
apparent that the parasites arc not capable of limning the pest throughout the season. 
The community of Citrus plantations is evergreen. Chronic foci of parasites are both 
in orchards and plantations as well as in other evergreen or deciduous communities. 
Parasites of Citrus and tea pests occur in the neighbourhood of orchards as well, 
while Toxoptera aurantii seems to be restricted to Citrus and tea associations exclusive- 
ly- 

- Classification. Considering the Black Sea Coast zone and evergreen character of 
many of its communities we can classify this zone as possibly rather useful for 
biological control. Introduced parasites arc recommended to belong to parasites of 
aphidinc aphids, both climate and presumed alternative hosts, besides Toxoptera 
aurantii, the control object, seem to be suitable. 

- CENTRAL ASIA (USSR). 

- Virgin senudesert. The virgin salt scmidcscrt studied was characterized by scattered 
growth of various salsolaccous plants. On them. Aphis cracctvora was the most 
common, besides other typical species associated with Tamanx, etc. Lystphlebus 
amb'tuus was the only parasite ascertained here. Due to the biology of the aphid, US 
occurrence on vanous salsolaccous plants can be classified as temporary. Rich plant 
communities were associated with small rivers m the scmidcscrt. There Populusand 
Sahx were rather common, together with many other plants. Aphis fartnesa is 
common on w illow s, parasitized by Lysiphlcbus ambitus. Chronic fori of the parasite 
arc probably situated in similar habitats in the virgin scmidcscrt landscape. In con- 
nection with the cotton field, etc , it » necessary to stress the fact that willows and 
poplars arc commonly grown along irrigating ditches as well. 



- Cotton field. Aphids: Aphis craccivora, A. gossypii and Acyrtliosiphon gossypii seem 
to be the main aphid pests on cotton in C. Asia. Parasites: Lysiphlelm ambigutis - 
Aphis spp., Praon dorsale and Trioxys asiatiais - Acyrtliosiphon gossypii. Cotton, not 
being a perennial crop, is attacked by aphids during a part of the season only, in a 
similar way to other plants. The life-history of the aphids and their sources arc 
different: Mcdicago sativa, the alfalfa, is the main host of Aphis craccivora, on winch 
it overwinters, reproduces in spring and disperses to Robinia pscudoacacia, cotton and 
various leguminous plants. Alfalfa fields, therefore, include sources of the apliid, the 
occurrence, however, of the aplud here is temporary. During summer, aphids occur 
mostly in irrigated areas, on desert wild plants (Althagi camclorum), emigrating to 
alfalfa in the autumn. Alfalfa, Robinia pseudoacacia and wild leguminous plants 
represent thus the main sources of the pest. There arc various opinions as to the role 
of Robinia. Some authors classify it as a source, others as a plant which attracts the 
aphids from cotton, leguminous plants both wild and cultivated being the major 
sources. According to davletshina (1956, etc.) the infestation of cotton is due to the 
migration of aphids to different plan ts, be they primary or secondary hosts. Therefore, 
both alfalfa fields, Robinia growths and wild plants represent sources of the cotton 
aphid pest. 

Acyrtliosiphon gossypii occurs on various Lcgununosac. Its mam sources, the typical 
semidcscrt plants such as Althagi camclorum, and others, arc its primary sources 
from which it disperses to cotton. 

Aphis gossypii is a widely polypliagous species, occurring on a number of wild and 
cultivated plants. It hibernates in adult stage on various weeds, which arc also its 
sources in spring; later in die season they attack cotton and other crops, being con- 
centrated during summer on various cultivated crops (Cucurbitaceae) and returning 
to various wild plants in and near cotton fields in autumn. Again, wild habitats 
contain the main sources of pest aphids. The occurrence and relations of wild and 
cultivated crops have been well observed and documented by many authors (see: 
davletshina, 1956). Parasites attack the aphids both in wild and cultivated habitats, 
yet their foci in the fields seem to be temporary. Wild habitats represent thus the 
main sources and reservoirs of the cotton pest apluds, alfalfa fields being also impor- 
tant; from them, the pest aphids disperse and attack the cotton. Parasites occur in the 
same habitats as the aphids, then chronic foci being in wiid and non-cuViivaied land, 
cultivated land including temporary foci only. 

-Alfalfa field. Aphids: Acyrtliosiphon ptsimt, Therioaphis sp. ( Aphis craccivora not 
found by us). Parasites: Aphidius cm, Praon dorsale - Acyrtliosiphon pisinn, Praon 
exoletuin, Trioxys complanatus - Therioaphis sp. 

Alfalfa field is a perennial community, it includes chronic sources of apluds and 
chronic foci of parasites. Both aphids mentioned are pests. The same Therioaphis sp. 
was found on Mchlotus officinalis at a neighbouring semidesert place, being attacked 
by Praon exoletuin (and probably by Trioxys eoinplaiiatiis in addition). This means that 
chronic sources of pests and chronic foci of parasites occur in the neighbourhood of 
the field as well, Acyrtliosiphon piston is a similar case. Moreover, Praon dorsale attacks 
also various Dae tyno tine aphids, which arc associated with various semidesert plants 
and weeds, as well as Acyrtliosiphon gossypii which is also a pest on cotton. 

— Oases. Because of irrigation and the intensive agricultural activities of man, oases 
exhibit a rather numerous and heterogeneous faun3 of aphids and parasites. Many 
species arc connected with shady and ornamental trees, others are pests of agricultural 
crops on irrigated land; others still are associated with weeds or original semidesert 
habitats, which either occur 011 semidcscrt plots in the cultivated landscape, or which 
adapted themselves to the new type of landscape. All these elements are distributed 



to a various degree in various habitats in the irrigated land of oases. Annual, bicnnal, 
and perennial crops liavc various relations as to the apliids and parasites. We have 
only touched on this rather extensive problem, dealing with the relations of Populus, 
Salix and Robinia grown near and along irrigation ditches. Poplars arc mainly 
attacked by various Chaitopltorus sp., which arc parasitized by a specialized parasite 
Lystpltlcbiis saluaplus, this means that the aphid and parasite fauiu of poplars has no 
relation to the crops in the neighbourhood. Salix trees, being attacked by a number 
of aphids exhibit other features: Besides Chaitophortis sp. they arc commonly attacked 
by Aphis farmosa, which is one of the main hosts of Lysipfifcbus auibiquus. Robinia 
pscudoacacia, a leguminous tree, is a common temporary host of Aphis craccivora. 
Here, also, the aphid is attacked by Lysiphlcbus ambigutu. The relationship among the 
aphids and parasites and their dispersal in the neighbourhood is very important. 
Lysiphlebits dtnbiguus attacks both Aphis farittosa and A. craccivora at the same habitat — 
in its chronic foci— so that a lower number of A. craccivora can disperse to cotton. 
Further, L. ambigttus is capable, though originally a forest inhabitant, to disperse and 
occur in the neighbouring areas such as cotton fields, etc., as well. These features 
show, on the one hand, the significance of parasite foci with regard to the pest aphids 
and their limitation, on the other hand, the unsuitability of Robinia due to its being 
a temporary host of the cotton pest aplud. However, as Robinia is a valuable honey 
plant, we must expect it will be grown again in the habitats mentioned, so that only 
its coexistence with Salix or its presence in the neighbourhood might be projected to 
put Aphis craccivora at least under the influence of chronic foci of its parasite. 

- Classification . It was shown above that there arc mostly only temporary foci of 
parasites present in cultivated crops, the exception being alfalfa, while chronic foci 
arc in some kinds of the neighbouring environments. Neighbourhoods of irrigated 
ditches, nver banks, all these habitats include chronic foci of parasites as well as inten- 
sively irrigated gardens and parks. 

- CUBA. 

- Tropical cloud forest. Example: Pico dc Cuba, Pico Turquino, Sra. Macstra 
Aphids: Acyrthosiphon bideuticola - Bidens pilosa; Aphis spiraecoia - Rubus tur- 

quinensis, Lisianthus glandulosus, Eulophia alta, Eupatonum spp., Bidens pilosa; 
Aulocorthum solaui - Rubus turquinensis, Boccoma frutesccns, Gnaphahum amen- 
canum, Crepis japonica, Fragaria sp.; Brachycaudus helichrysi - Gnaphahum amcri- 
canurn, Erechthites sp. ; Dactynotus atnbrostae - Sonchus olcraccus ; D. sp. - Gnaphahum 
amcricanum, Vaceinium lcoms; Hyperomyzus iactucae - Sonchus olcraccus; Hystcro- 
neura sp. - Granuncac, Neohzcrtus sp. - Ncctandra reticulana; NeoinyzilS cncumJicxUS 

- Rubus turquinensis, Vaceinium lcoms, Fragaria sp., Rhopalosiphoniims latysiphou - 
Fragaria sp.; Rhopalosiphum sp. - Granuncac, Sitobum luteum - Euloplua sp., Epi- 
dcndrum crassilabium, Lepanthes hchemana, Epidendrum tcrctifolium; Toxoptera 
aurantii - ferns, Micama cordifolia, Clcycra sp., Vaceinium leonis. Ilex Maefay deni, 
Stclix ophioglossoidcs, Duchcnavia sp , Torralbasia cuncifolta. Salvia nigrcscens, 
Eupatonum sp. Parasites: Ephedrus incompletus - Aulocorthum solaui; Lysiphlebtis 
tcstaceipes - Aphis spuaecola, Brachycaudus kehchrysi, Rhopalosiphoiunus latysiphon, Sito- 
bumt luteum, Toxoptera aiirautu, Pseudephednis ueotropicahs - Ncolizerius sp. ; Trioxys 
silvicola - Aulocorthum solaui, Sitobiuiii luteum. Analysis: Toxoptera aiirautu and Aphis 
spiraecoia arc indifferent here but they arc pests on cultivated crops — the zone 
represents a possible source of pest aphids. Of the parasites, only Lysiphlebits testaceipes 
is a parasite of economically important apluds. The rest of aphids and parasites are 
economically indifferent species Conclusions: Tropical cloud forest zone includes 
chronic foci of parasites . of these, L testaceipes is valuable. The zone includes chronic 
sources of Toxoptera aiirautu and Aphis spiraecoia pest aphids; they do not cause 



economic losses here due to the absence of cultivated crops. Relations to other 
habitats: Due to its occurrence and conditions in high mountains this zone is well 
separated from the influence of agriculture. Due to the existence of pathways, etc., 
a certain number of weed plants may be found here. There arc close connections 
with another evergreen formation, the rain forest. 

- Tropical rain forest. Example: Valley of river Yara, nr. Santo Domingo, Sra. 
Macstra range. 

Aphids: Aphis cracdvora - Micania sp. t Thcobroma cacao, Gliricidia sepiutn, Citrus 
sp.. Aphis eoreopsidis - Bidens pilosa; Aphis gossypii - Colocasia antiquorum, Hibiscus 
rosa-sinensis, Tridax procumbent, Bidens pilosa: Aphis illinoiscnsis — Vitis tiliaefolia, 
Cissus sicyoidcs; Aphis ncrii - Asclcpias curasavica; Aphis spiraccola - Pothomorplic 
pcltata, Toumefortia sp., Solanuin antillarum, Viburnum villosum, Ageratum 
conyzoidcs, Thcobroma cacao, Annona squamosa, Eupatorium macrophyllum; 
Brachycaudns helichrysi - Ercchthitcs lucraafolia; Dm y not ns ambrosiae - Micania mi- 
cramha, Ercchthitcs hierarifolia, Sonchus olcraccus; Dactyitotus cdgeroncmis - Eri- 
geron canadensis: Hyperomyzus Jactttcac - Sonchus oleraceus: Hystcroncnra sp. - Gra- 
mincac; Lipaphis crysimi — Brassica campcstris. Macrosiphum mesosphaeri ~ Hyptis 
vciticillata; Pcntalojiia Higrmierroja - Musa paradisiaca; Sifo&ww salviae - Salvia mi- 
sclia, Tetraneura hirsnta - Gramincac; Toxoptera aurantii - Coifea arabica, Thcobroma 
cacao. Citrus sp. Parasites: Acanthocaudus tissoti - DactynoUts ambrosiae; Aphidius 
floridaensis - Dactyitotus ambrosiae, D. crigeronensis ; Diaeretiella rapae- Lipaphis crysimi; 
Ephednis incompletus - Sitobium salviae; Lysiphlebtis tcstaceipcs - Aphis spiraccola, A. 
nerii, A. eoreopsidis, A. illinoiscnsis, A. gossypii, Sitobium sahiac, Dactynotus ambrosiae, 
D. crigeronensis, Braehycaudus helichrysi; Trioxys sp. - Macrosiphum mesosphaeri. Anal- 
ysis: Aphis spiraccola, A. gossypii, A. cracdvora, Toxoptera aurantii, pest aphids on 
cultivated crops in the lowlands, occur commonly in this zone. They also attack 
crops grown here: cocoa, coffee, citrus. Lysiphlebus testaccipes is the only significant 
parasite; the rest of the species is indifferent. Indifferent species of aphids are also 
present, some of them represent hosts of L. testaccipes as well. 

Conclusions: Tropical rain forest zone includes cliromc foci of parasites, L. testa- 
ceipes being the most valuable. Chronic sources of aphid pests are also present, the 
aphids being cither economically indifferent or causing certain damage here. Rela- 
tions to other habitats*. Some districts of the forest arc changed through deforestation, 
pastures, com fields, banana plantations, etc., appearing in consequence. The roads 
and pathways in the forest are inhabited by typical weeds and associated aplnd fauna. 
Generally, continuous sources of aphids can be found in the rain forest community, 
however, the aphids can find so many food sources in the community that their 
attack on crops (Toxoptera aurantii) does not seem to be of such a senous significance 
as in a savanna landscape. 

- Tropical deciduous forest . Example: Belie, env. Niquero. 

Aphids: Aphis eoreopsidis -bidens pilosa; Aphis gossypii - Cccropia peltata, Sida 
rhombifoha; Aphis spiraccola - Burscra simaruba, Eupatorium sp.; Rlwpalosipluim 
maidis- Zca may; Toxoptera aurantii - Casseria hirta, Krugiodendron ferreum, 
Calyptranthus chytraculia, Clusia rosea, Acrosynanthus latifohum, Coccoloba diver- 
sifolia. Parasites: Lysiphlebus testaceipes - Aphis eoreopsidis, A. gossypii, A. spiraccola, 
Rhopalosiphtm maidis, Toxoptera aurantii. Analysis: Aphis gossypii, A. spiraccola, 
Toxoptera aurantii occur commonly in this zone, both on native and cultural (weeds, 
crops) elements. Lysiphlebus testaceipes is the only effective parasite present, some of 
the economically indifferent aphids being its hosts as well. Conclusions: Tropical 
deciduous forest zone includes chrome foci of parasites. In this zone, too, chronic 
sources of aphids are present. 
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- Tropical dry forest. Example: Tortuguilia, nr. Guantanamo. 

Aphids: Aphis craccivora- Tcplirosiacmcrca, Aloesp. Parasites: No parasites found; 
they apparently arc very rare due also to the rare aphid colonics present. Analysis: 
This zone rarely includes foci of parasites, only occassionally. Conclusions: Tliis zone 
is not suitable cither for aphids or parasites. They can be found in neighbouring 
habitats — villages, roadsides, etc. — which represent the results of man’s invasion. 
Relations to other habitats: Due to us character, it is strictly separated from other 
habitats. 

Weeds and rudcral flora may penetrate into this zone following the roads. 

- Mangrove forest. Example: Playa del Maquina, Peninsula dc Zapau. 

Aphids: Aphis spiraecoia - Eupatonuni; Dactynotus anibrosiae. Parasites: Lysiphlchus 
tcstacapes — Aphis spiraecoia. Analjsis: The occurrence both of aphids and parasites 
is very rare. Foci of parasites seem to be tcinporaiy, apparently due to the dispersal 
from neighbouring habitats (tropical deciduous forest, etc.). Conclusions: Tlus zone 
is not suitable cither for aphids or parasites. Relations to other habitats: Due to their 
character, they arc strictly separated from other liabitats, nevertheless, intermediary 
zones may be found. 

- Savanna. Example; Dayaniguas, nr. San Jose, Pi'nar del Rio prov. 

Aphids: Aphis spiraecoia- Solatium sp. Parasites: No parasites found. Analjsis: 
Virgin savanna docs not seem to be suitable either for aphids or parasites. Foci of 
parasites apparently have a temporary character. Conclusions: This zone is not 
suitable either for aphids or parasites. 

Example: Guanfrnar, Habana prov. 

Aphids: Aphis ceaccivcra - Viciaceac, A. gossypii - Ruclha sp., Aphis spiraecoia - 
Calophjllum antillanum; Dactynotus anibrosiae - Pluchca sp.; Toxoptera aurantii- 
Calophyllum antillanum. Parasites: Lysiphlchus tcstaccipcs - Toxoptera auraiitii. Anal- 
ysis: In the virgin savanna the occurrence of aphids and parasites is rare, both groups 
may be more common on secondary elements; in the latter ease, chronic foci of 
parasites may be present. Conclusions: Virgin savanna is not a suitable habitat either 
for aphids or parasites. Secondary changes (man’s activity, growing crops, etc.) 
apparently cause corresponding changes m the fauna too. 

- Sea shore. Example: Dayaniguas, cnv. of San Jose, Pi'nar del Rio prov. 

Aphids: No aphids. Parasites: No parasites. Analysis: Halophjtic locality with 
mangrove forest elements apparently js nor suitable either for aphids or parasite 
occurrence (salinity). Conclusions: Virgin sea shore is not suitable for aphids and 
parasites. 

Example: La Habana, cnv. of the town. 

Aphids: Aphis craccivora - Tnbulus cistoidcs; Aphis corcopsuhs - Bidens pdosa; 
Hyperouiyzus lactncae - Sonchus olcraccus. Parasites: Lysiphlchus testaceipes. Analjsis: 
The occurrence both of aphids and parasites is apparently due to the presence of 
rudcral flora (weeds) . temporary foci of parasites arc present. Conclusions: Sea shore 
districts secondarily inhabited by rudcral flora include temporary foci of parasites. 
Pest aphids may also be present Relations to other habitats: Virgin sea-shore is 
inhabited by rather specific flora with poor relations to other communities. Never- 
theless, many other communities may spread to this zone. 

- Parks. Example: La Habana 

Aphids: Aphis craccivora - Cassia sp , Glincidia scpium, Pittosponim tobira; Aphis 
gossypn- Acalypha sp., Hibiscus rosa-sinensis, H. schizope talus; Aphis spiraecoia - 
Annona sp., Arahaccac sp , Burscra simaruba. Citrus sp., Calophyllum antillanum, 
Croton sp , Ixora coccinea , Cerataphts sp. — Cocos nucifera; Pemalonia nigrouervosa — 
Musa sp., Alpima sp., Rhodobitnn porosum - Rosa sp.. Toxoptera aurantn - Annona 
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sp., Citrus sp., Calophyllum antillanum, Mangifcra indica. Parasites: Lysiphlelus 
testaccipcs. Analysis: The community' is artificial, being mostly composed of various 
introduced plants, nevertheless, it is an evergreen association due both to the compo- 
sition of plants and irrigation. Chronic foci of parasites occur here. Aphis craccivora, 
A. gossypii, A. spiraccola and Toxoptera anrantii occur commonly on various plants, 
there arc chronic sources of these pests in the habitat. Chrome foci of parasites 
{Lysiphlelus testaceipes) arc present as well. Conclusions: Evergreen cliaracter of the 
community' and its wide distribution in cultivated areas (towns, villages) and the 
presence of chronic sources of aphids and foci of parasites make this type of habitat 
extremely important. Relations to other habitats: Parks have close relations to forests, 
orchards, way-side trees in many respects. Besides, rudcral and weed flora is common 
in undergrowth and on waste places. 

- Botanical gardens. Example: Botanical garden. La Habana. 

Aphids; Ap/iis craccivora - Cassia fistula; Aphis corcopsidis - Bidens pilosa; Aphis 
gossypii - Gossypium sp.; Vinca minor, Hibiscus rosa-sinensis, Acalypha alopccu- 
roides, Acalypha sp. ; Aphis Uliitoiscttsis - Vitis vinifera ; Aphis ucrii - Nerium oleander, 
Callotropis procera; Aphis spiraccola - Polysdas guilfoyici. Cassia alata, Citrus sp., 
Bursera simaruba, Eupatorium sp. : Chaitophonts sp. - Sahx sp. ; Cinara tujajtlina - 
Thuja occidentals; Hystcroncura setariae -G ramincae. Myzus pcrsicae - Brassica ur- 
baniana; Pentalonia nigroticrvosa - Musa sp., Alptma speciosa. Rhodobitmi porostnii - 
Rosa sp. ; Toxoptera anrantii - Terminalia catappa, Tcctona grandis, JVlangifera indica, 
Calophyllum antillanum, Citrus sp., Bursera sitnaruba. Parasites: Lysiphlelus testa- 
ceipcs - Aphis craccivora, A. corcopsidis , A. gossypti, A. ilhnoisensis, A. nerii, A. spirac- 
cola, Hypcroinyzits lactucac, Hystcroncura setariae, Pentalonia nigroncrvosa, Toxoptera 
anrantii. Analysis: The community is artificial and it is composed of plants winch 
arc mostly of exotic origin. It is at least partly an evergreen association. Chronic foci 
of parasites are present, Lysiphlelus testaccipcs being the important species; both pest 
and indifferent aphids fall within its host range. Of the aphids. Aphis spiraccola, 
Toxoptera anrantii, Myzus persicae, Hysteroneura setariae. Aphis gossypti, A. craccivora 
arc pests on cultivated crops, while the rest includes economically indifferent species; 
due to their character, botanical gardens represent chronic sources of aphids. Con- 
clusions: Botanical gardens include chronic fod of parasites as well as chronic 
sources of pest aphids. Relations to other habitats: They arc principally similar as in 
parks. 

- Way-side trees, avenues. Example: Various habitats all over Cuba. 

Aphids: Aphis craccivora - Gliricidia sepium; Aphis nerii - Nerium oleander; Aphis 
spiraccola - Bursera simaruba; Toxoptera auraiitii - Calophyllum antillanum. Parasites: 
Lysiphlelus testaccipes. Analysis: Both chronic and temporary foci can be found in 
this habitat. The aphids can be either pests or economically indifferent spedes, some- 
times the latter fall within the host range of the important L. testaceipes parasite. 
Conclusions: This kind of habitat may serve for pest aphids as well as parasite 
dispersal routes over the area. Chronic foci may be present. Relations to other 
habitats: Due to their following the roads, the way-side trees practically are distrib- 
uted all over the country. This is rather important, they may have relations to the 
neighbouring habitats as both sources of pest aphids or indifferent species and 
assodated natural enemy food chains are included. 

- Orchards. Example: Santiago de Las Vegas, Agne. Expt. Station. 

Aphids: Toxoptera anrantii — Callophyllum antillanum. Citrus spp., Anona reti- 
culata, Thcobroiua cacao, Rucllia paniculata (undergrowth). Aphis craccivora - 
Crotalaria lanccolata (undergrowth). Parasites: Lysiphlcbus testaceipes. 

Example; Jovcllanos, pvov. Matanzas. 
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Aphids: Pcntalonia mgronervosa - Musa sp-; Toxoptcra aurantii - Citrus spp. para- 
sites: Lystphlebus testaceipes. 

Example : Alquizar, Habana prov. 

Aphids: Aphis coreopsidis - Bidens ptlosa (undergrowth), Aphis spiraecola - Citnis 
sp.; Toxoptera aurantii - Citrus sp. Parasites: Lysiphlebus testaceipes. 

Anal) sis of examples: Monoculture orchards represent habitats where temporary 
foci of parasites, both on the crops or in the undergrowth, may be found. On the 
contrary, mixed orchards may include chronic parasite foci (undergrowth, orna- 
mentals, etc.). Toxoptern aurantii and Aphis spiraecola are the main orchard pests. Of 
the parasites, Lysiphlebus testaceipes is the most important, attacking a number of 
both pest and indifferent aphid species. 

Conclusions: Orchards have some features of forest-type habitats, however, their 
plant composition is different. They include temporary or chronic foci of parasites 
and sources of aphids in dependence on the type of the orchard. Mixed orchards 
seem to be more useful as to the parasite occurrence. Relations to other habitats: 
Although having many different features, the orchards exhibit many characteristics 
of forest type habitats. On the other hand, many species associated with herbs may 
be found in the undergrowth. These two basic features determine the orchard 
qualities with respect to pest species and their parasites: forest type pest species 
distinctly prefer orchards for a certain part of the season, they may or may not also 
occur on various plants in the undergrowth; for this reason, pests may occur in the 
habitat almost throughout the year. On the other hand, undergrowth may include 
various plants which arc associated with indifferent aphid species- alternative hosts of 
useful parasites. Their occurrence in the undergrowth gives them a possibility to 
attack the pest aphids both when they invade the orchard or occur in the under- 
growth as well. The same is true of the neighbouring habitats (way-side trees, 
ornamentals). 

- Pastures. Example: Rancho Luna, Las Villas prov. 

Aphids: Aphis craccivora - Ghricidia scpium; Aphis uerii - Callotropis procera. 
Parasite: Lysiphlebus testaceipes. Analysis: Aphids arc comparatively rare, being 
mostly attached to hedges, etc. Chronic or temporary foci of parasites can be present. 
L. testaceipes is important. Conclusions: This liabicat is relatively poorly inhabited 
both by aphids and parasites: aphids arc mostly associated with rudcral elements or 
with hedges. Hedges might be important in spreading some aphids and parasites. 
Example: Chivirico, Oricntc prov. 

Aphids: Aphis eorcopsiJis - Ihdcns pilosa; Aphis item - Callotropis procera; Aphis 
spiraecola - Eupatorium sp. ; Dactynotus crtgcroitcnsis - Engcron canadcnsc; llypcromy- 
zus laetucae - Sonchus olcraccus; Myzus pcrsicae - Emilia sonchifolia. Analysis: 
Aphids arc rare except for weed and rudcral plants on which they arc common, 
both pests and indifferent species bemg present. Parasites: Lysiphlebus testaceipes. 
Temporary foci of parasites arc present. Conclusions: Occurrence of apluds and 
parasites is low in this habitat, aphids arc mostly associated with rudcral and weed 
plants. Relations to other habitats* Practically pastures arc related most to savanna 
(cultivated), many weed and rudcral plants being present as well. 

- Sugar cant and maize. Example Guanabo, Habana prov. 

Apluds: No apluds on Sacclurum oHicuunim, Sipha fiava were found on neigh- 
bouring Andropogon cancosum growth. Parasites: No parasites reared. Analysts: 
The apluds may seasonally occur in other grasses being a seasonal pest on canc. No 
chrome foci of parautes were established in the field. Conclusions: Sipha Jlava is a 
seasonal pest on canc, occurring in various sources in the neighbourhood of planta- 
tions. No paraute foo of a chronic type occur in the canc fields. 



Example: Catalina de Guines, Habana prov. 

Aphids: No aphids on Saccharum offidnarum. Zca mays - Rhopalosipluun tuaidis. 
Environs: Aphis craccivora - Vigna sinensis, Gliriddia sepium: Pcntaloma uigronervosa - 
Musa paradisiacal Aphis spiraecola - Citrus sp.; Aphis gossypii - Capsicum sp.; Hysfe- 
roucura setariae - Gramincae; Toxoptcra aurantii - Citrus sp. Parasites: Lysiphlebus 
tcstaceipes . Analysis: occurrence of aphids on canc is seasonal. They spread to cane 
from the neighbourhood — wild grasses, Indian com fields, etc. Chronic foci of 
parasites occur in the cane field neighbourhood. Conclusions: Due to the absence of 
parasites in cane fields, the parasites must spread to the fields from the neighbourhood; 
as the aphids attacking cane arc present on various other plants in the neighbourhood, 
they can be and arc attacked here by parasites (chronic and temporary foci). Relations 
to other habitats: Held landscape itself is very specific. On the one hand, there are 
extensive areas of monocultures, on the other liand there are numerous remains of 
various habitats, virgin lands to waste places. All this often causes rather complicated 
relations, which must be dealt with separately: Relations within the crop field, 
relations between the different crop communities, relations between the crops and 
forests, way-side trees, savanna, waste places, etc., due to the often unstable character 
of field habitats (annual crops, etc.) the mutual dependence of the separate commu- 
nities is very strong. 

- Ruderals. Example: Generalized from various samples. 

Aphids: Acyrthosiphon bidaiticola - Bidcns pilosa, Aphis corcopsidis - Bidcns pilosa; 
Aphis craecivora - Bocrhavia diffusa, Crotalana lanceolata, Tnbulus sp., Pisoma 
aculeata, Portulaca oleracea, Lepidium virginicum; Aphis gossypii - Boerhavia 
diffusa, Commelina sp., Ruellia paniculata, Tndax procumbcns, Waltheria amcri- 
cana, Sida acuminata, Eleusine sp., Cucumis dipsacus, Malvastrum corromandeha- 
num; Aphis netii - Callotropis procera; Aphis spiraecola - Bidcns pilosa (rarely), 
Echites umbellata, Eupatonum sp.; Dactynotus ambrosiae - Sonchus olcraceus, Par- 
thenium histerophorus; Daclynotus erigeronensis - Erigcron canadensis; Dactynotus 
sp. - Tridax procumbens; Hysteroneura setariae - Andropogon graalis, Setana viridis, 
Chloris inffata ; Hyperomyzus lactucae - Sonchus oleraccus , Myzus persicae - Emilia 
sonchifolia, Solanum sp.; Neomyzus ciraimjiexus - Eupatorium sp., Tctratieura hir- 
suta - Gramineae, Panicum sp. ; Toxoptcra aurantii - Eupatonum sp., Ruellia panicu- 
Uta. Parasites; Acanthocaudiis tissoti - Dartynolus awljrosiae; Aphidius fioridaensis - 
Dactynotus ambrosiae, Dactynotus erigerotteusis, Dactynotus sp.; Diaeretiella rapae - 
Myzus persicae; Lysiphlebus testaceipes - Aphis corcopsidis, A. craccivora, A. gossypii, 
A. nerit, A. spiraecola, Hysteroneura setariae, To.xoptera aurantii. Analysis: Temporary 
foci of parasites are present, however, due to the number of plant species and aphids 
they often have a rather long-termed character. Pest aphids: Aphis craccivora, A. 
gossypii, A. spiraecola, Myzus persicae, Hysteroneura setariae, Toxoptera aurantii. Aphids - 
alternative hosts of useful parasites: Aphis coreopsidis, A. nerii. Indifferent aphids - 
Dactynotus spp., Tetraneura hirsuta, Acyrthosiphon bidaiticola , Hyperomyzus lactucae, 
Neomyzus ciraimjiexus. Conclusions: Aphids are often present on vanous weeds on 
ruderals. Of these, many are pests. Ruderals, therefore, often represent long-termed 
sources of pest apliids. Foci of parasites are temporary but long-termed ; due to their 
common occurrence in such places the parasites may attack a number of apliids here 
and may reduce the number of pest aphids present too. Relations to other habitats: 
Practically, as they follow man, ruderal elements are present everywhere. Neverthe- 
less, they are more common in waste land and roadsides than in virgin land. Their 
presence everywhere makes them extremely important because, moreover, they' are 
mostly attacked by vanous polyphagous aphids, who are common pests of crops as 
well. Only a minor part of the ruderal flora includes plants w ith which specialized 
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aphids arc associated. These features illustrate the numerous relations of the rudcrals 
to neighbouring habitats: Pest aphids often occur here and rudcrals arc their common 
and rich sources; rudcrals arc practically uncontrollable by chemicals; on the other 
hand, parasites — due to the number of occurring aphids — arc common on rudcrals 
and may attack a large number of pest species present ; from the latter point of view, 
rudcrals might be sometimes classified as “traps” for pest aphids. 

- Classification. i. Wild and cultivated habitats. The original floristic associations 
and communities have been widely suppressed or at least deeply touched in Cuba 
due to the influence of man. The natural communities may be found commonly in 
areas not suitable for agriculture (dry forest, mangroves, etc.) and in some parts of 
the mountain districts, where the deforestation has not been so intensive. Neverthe- 
less, the original communities have not been eradicated in the cultivated areas. 
Although the fields and plantations of various crops arc numerous and cover a great 
acreage of land, the native flora may be found in some remains (no tillage) of native 
communities at the borders of roads, fields, etc., being of course more or less in- 
fluenced by the new (rudcral and cultivated) elements. On the contrary, due to the 
dimatcand spread possibilities, the cultivated crops either invaded or were introduced 
in the forests and some of them have become wild (Citrus) as the forest community 
was very useful and similar to their original habitat. 

Therefore, wild and cultivated habitats cannot be strictly separated from each 
other in Cuba similarly as in every intensively cultivated (island) area. The penetra- 
tion of separate elements is various. This feature of habitats is important both for the 
spread of pest aphids and biological control. 

2. Forests. All types of forest arc important for ilic pest aphid biological 
control in Cuba. The mountain forest, but sometimes also the lowland forest, 
includes a number of aphids — also pest species — and represents on the one hand the 
continuous source of pest aphid species in the Island; on the other hand, due to the 
number of both pest and indifferent aphids occurring in the forest, the parasites 
(native and introduced) can or will find suitable conditions and hosts here. The 
forests then represent important sources and include foci of parasites from where 
they can spread and survive here also in ease of unsuitable conditions existing in the 
savanna (dry penod). The newly introduced parasites liavc also to be liberated in 
various forest type habitats to be established also there. 

j. The savanna districts of Cuba arc today mostly cultivated, maize and sugar 
cane mostly being grown. A number of aphids may be classified as being typical for 
this type of habitat ( Rliopalosiphutn maidis). Although the foci of parasites arc mostly 
temporary' here, either some chrome foci in naturally irrigated places (brooks, etc.) 
occur or the parasites follow the aphids to similar types of habitats (another field, 
Indian com). Because of these features the parasites arc not so more or less uniformly 
spread in the steppe as in the forest, but the wet places mentioned arc more rare and 
the parasite must gradually spread from such places into the cultivated fields. 

4. Way-side tree* arc very important for the spread of aphid parasites in Cuba. 
Uernggrowii along the roads over the Island, they represent good routes of parasite 
spread, w hieh is believed to follow the host in the majority of eases. Of the w ay -side 
itecs, Glincidia septum and Ncnuin oleander seem to be the most important. 
GhnciJia septum is the most common and widely* distributed w ay-ude tree in Cuba. 
It is uutnly used in the following wa\s The cut-off branches arc used for new 
lenecs or licdgcs, thc\ toon grow and a new pasture Ghncnlia avenue t» the result. 
Then die escle is repeated As this practice has been commonly used by farmer* 
almost all over the Island since moan times. Glincidu may be found lining the 
foswi, pasture*, gardens, etc truintlic low Lands to ram forests in Cuba. The coni in- 



uous cutting of brandies results in producing new young branches on the trees, so 
that ill a certain period of the year the trees all over the country arc cut and young 
branches appear. Naturally, the viriaccous trees, for instance, with a lot of young 
sprouts and branches, represent splendid food sources for Aphis craecivora. During 
the dry winter especially the trees arc really covered with these aphids everywhere. 
In addition, Gliricidia is a very useful honey-plant. These features can be summarized 
as follows for the purpose of biological control: (i) Gliricidia trees arc commonly 
grown anywhere from the lowlands to the mountains in Cuba, being economically 
valuable because of wood-production and being honey-plants. The trees arc widely 
used as way-side trees so that their occurrence is trans-zonal, (2) For a long time, and 
111 some months the more, they represent sources of Aphis craecivora, (3) This aphid 
was found to be an occasional pest on some crops in Cuba, but it is believed to be 
mostly a more or less indifferent aphid species {except for the Viciaccous crops), 
(4) A. craecivora is a member of the Aphis group to which the main aphid pests in 
Cuba belong, so that it is most probable that the parasites attacking this aphid will 
attack the other related species and vice versa. These conclusions can be used in 
biological control praxis: (1) In conservation and spread of native parasites, this 
process is more or less incidental, (2) For the spread of introduced parasites, (3) The 
introduced parasites must be colonized at a suitable period — when there arc A. cracci- 
vora present m great numbers on the trees. In a neighbouring island, lsla dc Pinos, 
only trunks of palms arc used as hedges or fences in pastures instead of Gliricidia. 
According to our opinion based on the classification of A. craecivora as an occassional 
pest but a useful alternative host of a number of parasite species (mtroduction pro- 
gram), tills feature seems to be negative. Gliricuha is recommended to be used m 
this island in a similar way as in the Island of Cuba. Nenuni oleander is commonly 
grown as an ornamental in towns, villages and recreation places on the sea-shore. 
Nevertheless, ill several places it was seen to be grown as a way-side ornamental, too. 
It is commonly attacked by the entirely indifferent Aphis ncrii all over the Island. 
The shrubs of the oleander should be used for biological control purposes m a 
similar way to the Gliricidia tree. When comparing the next way-side tree, i.e. 
Burscra simapuba, which is also commonly grown m some parts of the Island, it is 
obvious that this is not a suitable tree as it is commonly attacked by the pest aplud 
Aphis spiraecola and sotuctuacs. also by Taxcptcro ountutii. However, because of the 
common occurrence of this tree in the forests, and also due to its economic signifi- 
cance, the tree cannot be eliminated or eradicated, moreover the aphids are widely 
polyphagous and may occur on a number of other host plants. Calophyllum anrilla- 
num, a source of Toxoptcra auranlit namely, is a similar ease. 

5. Weeds. Some weeds might be important ui the temporary foci of parasites for 
the conservation of parasites, both native and introduced species. 

6. Ornamental plants are very important for biological control praxis. They are 
(l) commonly grown all over the Island, mostly in irrigated places, (2) mostly 
commonly attacked by polyphagous aplud species, (3) in some cases they have 
peculiar aplud fauna (Nenum). Because of these features their importance is obvious. 
They represent food plants of aphids in the chronic foci, m contmuously and carefully 
irrigated land. These districts arc very important, just because of the continuous 
occurrence of the host aphids, for the colonization and establishment of introduced 
parasites. 

7. Irrigation places. All the irrigation places, both accidentally or artificially 
irrigated, arc very important for biological control. Because of the irrigation, 
plants of all kinds, crops and weeds, successfully grow here, arc useful hosts for 
various aphids (and associated food chains). Introduced parasites should be released 
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mainly and primarily In such places where there is a good possibility of establishment. 

zonls. Climatic influences and zonation arc the main factors that determine the 
distribution of plant cover of the earth and, simultaneously, the distribution of 
aphids and their parasites. Although each floristic zone cxlubits certain peculiarities 
with respect to the parasite fauna, it is possible to summarize the peculiarities of 
parasite foci in the general climatic zones. 

- Temperate zone. In connection with peculiarities in aphid and parasite biologies 
this zone seems to be the most typical as to the apparent and well-developed habitat 
dependence in parasites. The fauna of parasites is the richest here, tliis being the 
result of evolution of the group as a whole. The characteristics of the foci arc 
determined by the mentioned features; species occurring in various foci arc numer- 
ous, and the foci generally may be well distinguished. Natural communities exhibit 
a relatively rather stable character, while cultivated land may be both stable and 
unstable environments. Seasonal influences arc apparent, a cold or milder winter has 
a rather deep influence on the seasonal occurrence of aphids and parasites as well as 
on the development of quiescent states. Aphid life-history, besides hibernation, 
exhibits also peculiarities such as obligatory host alternation, a factor that is rather 
important as to parasite foci. 

- Subtropics. The Subtropics seem to have an intermediate character. On the one 
hand, there may be found, at least partially, many features know n to occur in aphid 
and parasite biologies in the temperate zone, sucli as obligatory host alternation by 
apluds and strict liabitat dependence by parasites; on the other hand, peculiarities 
that arc t)pical for the subtropics and tropics can be found too. Some aphidud 
species may exhibit less habitat dependence during the season, some aphids may 
reproduce parthcnogcnctically during the whole year. All these feature* have a 
correspondmg significance as to the foci of parasites. While the winter i* usually 
rather mild, the critical period is the hot dry summer with many adverse influence* 
on the aplud and parasite fauna, adaptive responses having developed in consequence. 
Seasonal influences arc rather apparent, many aphids and parasites occurring m the 
course of the whole year, in evergreen communities and irrigated land for example. 
- Tropics. Because of the climatic features of the tropics, the parasites do not seem 
to depend in such a close way on the type ofhabitat as they do in the mild climate 
zone. 1 his seems to be also a result of the specific composition of the fauna as w ell at 
the evolution of the group. The occurrence of apluds and parasites is perennial. Ur)' 
and rainy seasons of tlic )car seem to exhibit diflczcnt influences in evergreen and 
non-evtt green floristic associations. Tim feature is important also for the cliaractcr 
of parasite foci; chronic foci scent to be prevalent in the evergreen association*, 
while temporary foci arc typical for non-evergreen associations as well as cultivated 
land, however. the dry teason may cause a relative concentration of apluds and 
parautes in certain plots, where llic temporary foci may be relatively long-termed 
u to their c interne. 



being apparently accidentally introduced into greenhouses, and unable to disperse 
and survive perennially under field conditions. This parasite was classified as probably 
a peculiar race of the parasite (schlinger a mackauer, 1963) as another race of the 
same parasite species has been able to spread over certain districts of California, being 
apparently introduced as well. 

In milder climate areas the unheated greenhouse conditions may exhibit similar 
features as heated greenhouses in colder areas. Both aphids and parasites were 
observed to reproduce here throughout a mild winter, although they were hiber- 
nating in the field (dunn, 1949). 

As was shown in another chapter, the greenhouse apliid fauna represents mostly 
species that are unable to overwinter m the given temperate district outside the 
greenhouse, while living for certain warmer parts of the season in the field as well — 
mostly in the greenhouse neighbourhood. As in most cases the parasites attacking 
such aphids are not introduced into the given country', being members of the 
communities of the greenhouse neighbourhood, unnatural food chains in green- 
house conditions originate. Similarly, due to the continuous aphid and parasite 
occurrence in greenhouse environment, the foci of parasites must be classified as 
being of the chronic type, although artificial as to their original character. 

The incidental role of greenhouses as parasite foci has lead us to the idea as to 
whether they could not be used purposely as the foci in the biological control 
program. In this respect, for the time being, we have proposed (see biological 
control chapter) on the base of our preliminary experiments, to use small unheated 
greenhouses in a parasite introduction program in the cooler districts to enable the 
parasites to occur earlier in the season. Indigenous parasites, too, can be manipulated 
in a similar way. 

arid zone. Arid zone includes extensive territories, associated previously with 
steppe, semidesert and desert areas, including naturally various other elements. And 
zone conditions are rather peculiar and have deeply influenced the indigenous fauna 
both as to its specific composition and seasonal history. A basic character of an and 
zone is the relative scarcity of water, seasonal rains and extremely hot and dry and 
sometimes cold conditions occurring m certain penods of the season. This state has 
naturally caused deep adaptation in the flora and fauna. On the one hand, there is a 
rather significant and well-defined seasonal succession of plant communities asso- 
ciated with seasonal changes m insect fauna, on the other hand, reservoirs of water 
exhibit peculiar features. Aphid fauna also is rather unusual (ivanovskaya, 1959, 
i960, 1961, lozovoj 1961, SHArositNiKov 1952, marikovskij, 1955, etc.), its many 
members being typical xerobionts. The same is true as to parasites. Foci of parasites 
have the same features. Many of them are temporary, chronic foci being associated 
mostly with sources of water (stary 1965). 

Cultivated land is rather common today in an and zone. Its appearance has caused 
deep changes in its own fauna and in the environmental fauna as well, as the cultiva- 
tion in arid land is mostly connected with extensive irrigation and microclimatic 
changes. This feature has been studied by a number of authors (smith 1959. uvarov 
1962, bey-bienko 1961 , and others). Generally, according to the summarizing paper 
of uvarov (1964), the fauna of cultivated crops in and land is composed both of the 
typical widely distributed species associated with the given crop, and of the elements 
of the original and land communities that have adapted to the new environment, 
while a certain part of the original indigenous fauna did not survive the changes and 
was eliminated. Aphids are undoubtedly a group of insects which has found irrigated 
monocultures to be a rather suitable source of food and many aphid speacs dispersed 


407 



from the arid land neighbourhood to cultivated land and became pests; besides, a 
number of widely distributed pest species accompanied them, when following 
cultivation and growing the given crop in new land. Similar features may be observed 
m the composition of parasites. The fauna of parasites is composed both ofindigenous 
steppe-desert species and of widely distributed parasites. Foci of parasites on cultivated 
land arc various. Many of them arc temporary, occurring in annual crops, but there 
arc a number of chronic foci just in irrigated land, especially near the water sources, 
in connection with complex communities occurring in such places. Other chronic 
foci can be found in perennial crops too (alfalfa). 

-relationship. Cultivation in an arid zone is connected with the irrigation of 
virgin arid land, i.e. with virgin steppe and namely semi-desert and desert areas. 
Irrigation means the creation of new habitats, where on the one hand humidity 
conditions occur which arc favourable to a number of insects during a hot summer 
when the semi-desert environment becomes dry, on the other hand, a number of 
plant crops appear which arc grown in monocultures, remaining green in the hot 
summer. 

Aphids and parasites arc one of the examples on which the relations on irrigated 
land and virgin neighbourhood may be well demonstrated. Extensive studies were 
undertaken, namely in the C. Asian districts of the U.S.S.R. cullyev (1965). whose 
observations were carried out m the very same district where also the foci of parasites 
in the cotton fields were studied by the author (see review of foci) found that the 
primary sources of pest aphids in the wild neighbouring communities arc the greatest 
dangerous significance for the infestation of cotton fields by pest aphids. For 
example, the first colonics of Atyrthosiphon gossypit and Aphis gessypii were observed 
on the wild semi-desert plants Althagi camclorum and other salsolaccous plants, 
cotton being attacked after the first young leaves appeared. Parasites of the aphids 
dispersed in a similar way. 

Extensive observations undertaken just in the direction of the research of pest 
aphids with respect to semi-desert and irrigated landscape were presented by davlet- 
siiiNA (1956). This author showed on examples of cotton aphids in Soviet C. Asia 
the seasonal occurrence of pest aphids on crops, namely cotton and the decisive role 
of wild environments as aphid sources. The research is so detailed and so many 
examples and observations are mentioned dint today there can be no doubt that the 
research of foci of both pest aphids and parasites is necessary and a basic condition for 
successful aphid control. 

YAKiioNTOV ct al. (1962) studied the fauna of “Golodnaya” steppe in Soviet C. 
Asia, the main interest being paid to different habitats of the desert landscape and 
relations between virgin and cultivated land. Their results seem to be very valuable 
and arc believed to be applicable, at least generally, for similar arid zone districts. 
Unfortunately, no parasites of aphids were dealt with, but we ourselves made some 
research work in allied districts so that our observations can be used here at least as a 
general scheme. It is obvious from the table that there arc in many eases close 
relations between the natural, old-irrigated and new-irrigated land. This fact clearly 
shows that the same (pest) aphids occur both in wild and cultivated habitats. In their 
native land there arc their sources, from winch they can and do disperse to the 
cultivated areas on various crops. As potential pests of tins type the following species 
may be mentioned: Stpha maydis, Thcrioaphis otiomdts, Silobium avenue, Aeyrthosiphott 
gossypi i, Myzus perucae. Schizaphis gramnmm, Aphis gossypit, A. cracmora, A. jahae, 
Drevicoryne brassicae, Brachyeaudus heluhrysi, Xeroplnlapliis ploimkovi, etc. Very impor- 
tant results were obtained by the authors when dealing with the succession of aphid 
occurrence on newly grown crops in one and two-) car old fields in newly cultivated 
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virgin steppe. The main crops grown in newly cultivated areas arc cotton, alfalfa 
and maize, while the environmental virgin steppe is of Artcmisia-Salsolaccous- 
cphcmcric plant type. The cultivation of virgin land and the growing of new crops 
exhibits a strong influence on the specific composition and number of insects. Some 
species disappear or their population density is much lower, while the density of 
other species becomes much higher. As to the apliids, their number on cultivated 
land becomes rather high, while some species, such as Aphis verhasci, disappear. On 
cotton fields, Acyrthosiphoit gossypii and Aphis craccivora were found to occur during 
the first year, their number increasing during the second year. On alfalfa, Acyrtho- 
siphoii pisum , Aphis craccivora and ThcrioaphiS 01 ion id is were found in great numbers 
during the first two ^cars of crop-growing. In old cultivated land in C. Asian oases, 
the fauna of aphid pests is well established and known. During the research of weed 
and wild plants in the neighbourhood of fields, Aphis craccivora, A. go ssypii and 
Dactynotus sonchi (indifferent species) were found. 

- irrigation. In connection with irrigation of certain districts of arid land, foci of 
parasites have originated as well in such districts though they liad been rare or absent 
previously, as we can judge according to the research of virgin land. However, 
cultivation of arid land resulted also in growing crops in monocultures on extensive 
areas, where the foci were absent due to the elimination of weeds and uncultivated 
land, the occurrence of chronic parasite foci inside the crop being relatively rare 
(alfalfa). Observations of various authors (luzhetski, i960) have shown that there is 
a gradual and slow dispersal of parasites to cotton fields attacked by host aphids. 
This is fully recognizable from our concept of classification of foci: in cotton 
fields, there arc no chronic foci; the parasites disperse only gradually to cotton 
from the foci in the neighbourhood. Similarly, as we have observed duniig our 
research in C. Asia, there are various relations between different crops, as to the 
parasite foci: Acyrthosiphon pisum on alfalfa, and A. gossypii on cotton have some 
identical parasites, the chronic fod being present in alfalfa fields, a pcrcnmal commu- 
nity. Therefore, generally we have the same problems on irrigated land ut an acid 
zone as in other zones; however, it seems that pest species occurrence in irrigated 
land is supported by the rather unsuitable conditions that occur in the virgin neigh- 
bourhood during certain periods of the ) car. 

- forest protective BELTS. Forest protecting belts arc grown in arid land with the 
aim of changing climatic conditions in favour of cultivated crops. The appearance of 
forest elements in steppe and scuudesert land has naturally caused new relations 
respecting the fauna both of aphids and parasites. Besides the appearance of typically 
forest species of apliids, many species of steppe aphids also found the belts to be suit- 
able. In consequence, certain trees and other plants grown purposely or accidentally 
in forest belts arc known today to be sources of some pest aphids, while other 
species were eliminated due to climatic changes. Aphis craccivora is an example 
(mamontova, 1957, uspenskij, 1951): Caragana arborcsccns and to a lesser degree 
Robinia pseudoacacia, two woody plants grown in the belts, were found to be mam 
host plants of this aphid, from which it disperses to the neighbouring cotton fields, 
heavily attacked by the pest just in the neighbourhood of the woody plants men- 
tioned. Uimus trees arc a similar ease (mamontova, 1956) having relations to com 
through Schizoncitra pest-aphids. Unfortunately we have no records on the parasites 
from the areas where the above observations were made. However, m smaller and 
districts of C. Europe (Czechoslovakia-southern districts), where forest protective 
belts are also grown, the habitat dependence of parasites is the same as in the neigh- 
bouring forests, i.c. the forest belt parasite fauna is mosdy strictly separated from that 
in the fields. According to our observations in C. Asia, however, certain parasite 
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species typical of steppe habitats (m C. Europe) may also attack aphids living on 
shrubs and trees similarly as species associated with forests (in C. Europe) may be 
found dispersed in semi-desert or irrigated land. There is no doubt that the seasonal 
extremes of the arid zone districts as well as local conditions are responsible for such 
changes in habitat preference of certain parasite species. Nevertheless, forest protec- 
tive belts have also a number of positive features, including the presence of chronic 
foci of many aphid parasites both on woody plants and herbs (honey-plants) grown 
along the belt. A lugh concentration of natural enemies is reported to be typical of 
forest protective belts m general (melniciienko, 1949). 

- influence of hot winds. According to rosen ( 1967), the hot dry hanisin desert 
winds, prevalent in spring in Israel, contribute considerably to the early decimation of 
spring populations of Toxoptcra miraiitii on Citrus and most of the colonics arc 
usually destroyed even before the parasites start their attack. Due to such influences 
of desert winds on the aphid fauna, we can anticipate that such winds will similarly 
influence the parasite foci, although it is known that both Citrus crop and associated 
aphid pests arc not native to the part of the arid zone mentioned, so that better 
adaptation could exist in the indigenous fauna. Unfortunately, no records arc known 
in tius respect and research is necessary'. 

conservation. Our knowledge of parasite foci in nature has shown that they arc 
not of equal importance for man, many of them being entirely indifferent. Thus any 
proposal for the protection of parasite foci must be based on detailed analysis of the 
host plants, host aphids, complexes of parasites of the given foci, i.c. after the struc- 
ture and character of a given focus becomes evident. We must distuiguish the foci 
existing inside the given crop culture, ui allied crops, and in neighbouring areas such 
as uncultivated land, hedgerows, etc. 

Recommendations for protection of foci should not come uito conflict with more 
important activities, c.g. weed control, etc. Several illustrative examples can be 
presented: 

Example: Sarothamnus scoparius growth in C. Europe. In some areas, on waste 
places, roadsides, edges of woods, etc., the growth of S. scoparius is rather common. 
Besides s penalized Aphis species, Acynhosiphon spartu is commonly associated with it; 
this aphid is an alternative host of ApluJius ervi, which is a partially effective parasite 
of Acfttlicsiphon pisun 1 pest aphid on alfalfa. As Asytlhosiphon spartii is a monoecious 
aphid, being also heavily parasitized by the parasite in certain parts of the season, the 
Sarothamnus growth may be classified as useful for parasite occurrence, representing 
us chronic foci. 

Example: Cirsium arvense — weeds in C. Europe. We shall not protect its growths, 
as it is a weed and moreover a secondary host plant of the pest Aphis fabae. Although 
the aphid is often heavily attacked by the parautes on this plant, basic research lus 
shown that us parasites can attack other economically indifferent aphid species in the 
same habitats, which include both temporary and chrome foci. 

Example: Artemisia and Achillea plants arc common weeds m C. Europe, they* 
can be found in waste places, roadsides, hedges, etc. However, basic research of this 
t> pc of foci has shown that the aphnl fauna and associated complexes of parasites arc 
rather specialized, having no relation to pest aphids. Thus the grow ths of these plants 
need not be protected from the viewpoint of parasite fauna conservation. 

It must be added that aim oilier group of miomophjgous insects must be taken 
into consideration. as. for example, the aphnl species w Inch arc in Juferent to parasites 
can le rather important as alternative pc> of pedaton. 

Learn; .c Otrus t^c hards m ItaJv (urus is grown oilier in monoculture of 
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in Citrus orchards and their neighbourhood, it is projected to replace Pittosporum 
shrubs with other ornamentals; (i) Oleander (Nerium oleander); its main pest, 
Aphis itcrii, is one of the preferred hosts of L. amhigtats. Oleander is a common 
ornamental plant the same as Pittosporum is, but Aphis nerii docs not attack Citrus; 
(2) The willow (Salix sppp.) seems to be also 3 very suitable tree. It is attacked by 
specialized Aphis Jaruiosa, which is one of the main hosts of L. ambigtiits. The growths, 
belts, etc., of both plants mentioned represent chronical foci of the rather effective 
L. that disperses from them to Citrus orchards and can attack Toxoptera 

aurantii as well. Besides, it attacks also Aphis punicae, as pest on Punica granatum, and 
other pests (Aphis traerwora for example); (3) In Citrus orchards, the occurrence of 
grassy and weedy undcrgrow'th may be supported as the Aphis spp. occurring there 
mostly represent also hosts ofL. antbigutis. Nevertheless, in ease ofcomplex treatment, 
the undergrowth fauna is affected by the chemicals as well. 

Example: Peach orchards (S. Italy). Hyaloptcrus pruni is one of the main aphid 
pests, causing curling and drying of leaves. Prunus spp. are its primary hosts, while 
Phragmitcs communis is the main secondary host plant. The aphid can be found 
both on the primary and secondary host plants in orchards and gardens, i e. in 
habitats of the same kind. It is attacked by two parasites species — Aphidtus transcaspicus 
and Praou volucre. A. trauscaspinis is distributed in southern Europe, the Mediterra- 
nean, and C. Asia, occurring in orchards and gardens or on reeds, attacking Hyalop- 
terus pruni and Lonqiutigtiis donacis. Praon vohicrc is distributed from Europe to C. Asia, 
being a comparatively widely curytopic species, occurring in orchards, and gardens, 
sometimes in fields and steppes, too, its host specificity being of a wide range. 

Hyaloptertts pruni migrates to peach trees from the secondary host plants of which 
Phragmitcs communis is the most important, or from other host plants — weed trees 
like Prunus spinosa or other Prunus spp. (P. domestica, P. armcniaca). Phragmitcs 
thickets arc common in the neighbourhood of orchards in irrigation ditches and 
various smaller or more extensive marshes or ponds formed by irrigation. Prunus 
spinosa is planted sometimes as hedges. For the reason mentioned above it is re- 
commended to cut down the Phragmitcs thickets and Prunus spinosa should be 
considered unnecessary where possible. Hyaloptcrus pruni is attacked on the host 
plants mentioned by the same parasite complex as on the peach trees, but in connec- 
tion with the pest existence and its dispersal to peach trees foci of this type in a nearby 
neighbourhood of orchards must be considered as unsuitable. In the same type of 
habitat(reeds on marshes, ditches, etc.) as Phragmitcs, Arundo donax reed is common- 
ly faartxd. AccuruVng ro our observations this reed is attached very siYgAdy by 
Hyaloptcrus pruni while Lotigiunguis donacis is rather common and Schizaphis longi- 
caudata less common on this plant. Longningins donacis is a preferred host of Aphidtus 
transcaspicus that can be found here too, and from here it spreads to the neighbourhood 
where it attacks Hyaloptcrus pruni on Phragmitcs or in orchards on peach trees. 
Therefore, Arundo donax thickets represent a chronic type of foci, the occurrence 
of which should be supported, as its aphidofauna includes economically indifferent 
species and represents alternative host of Aphidtus transcaspicus, a partially effective 
parasite of Hyaloptcrus pruni. 

research trends. The research of parasite foci undoubtedly represents a very 
important trend of research of parasite biology. 

Basic research covers the classification of foci, relations between aphids and 
parasites in field conditions both as to their occurrence and seasonal history, dispersal 
of aphids and parasites with respect to the relation among natural and cultivated 
areas, effectiveness of parasites in various habitats, etc. As it is obvious, such a type 
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of work requires a high level of taxonomic research which is the prerequisite to 
avoid mistakes in the research of foci. 

Applied research of foci is connected with the research of parasites of a certain 
pest aphid so that it is usually much narrower as to its scope. It needs at least a basic 
knowledge of the theory of the foci and rough orientation of the worker in the field 
conditions of the area m which the research is to be undertaken. The knowledge of 
aphid biology, its occurrence in various habitats during the season and its seasonal 
occurrence in general arc rather helpful to eliminate a number of various habitats 
which would be naturally dealt with during more complex research. Basic informa- 
tion concerning the parasite host specificity influencing factors allows a more detailed 
search for various alternative hosts. A special topic of the applied research is the 
occurrence of introduced parasites and their relation to the foci in the new country, 
alternative host problems, etc. In this ease, too, at least general information on host 
specificity of parasites may he rather useful. 

scheme of research. In connection with the trends in research of foci two different 
schemes can be mentioned m accordance with whether they have to be used in basic 
or applied research. 

- Basic research, i. The mam types of landscape of the area studied arc selected. 

2. Main types of biogcoccnoscs or ecosystems in these landscapes are distinguished, 
principally regarding the character of habitat and plant community. 

3. Samples of aphid spcdcs present 111 these mam biogcoccnoscs arc taken in 
various parts of the season, the parasites being reared. All obtainable aphid colonies 
are collected to get as many records as possible. 

4. On the basis of results obtauicd m this way, the analysis of separate biogcocc- 
noses is undertaken, main types of habitats selected and fautustic complexes of 
parasites established. 

5. Main types of habitats with respect to the classification of foci arc selected and 
mutual relations established. 

As a result of the basic research, all the main habitats present in the given area have 
to be known in order to obtain information of the indigenous parasites with respect 
to a given aphid species. 

- Applied research starts with a given aphid pest species and requires information on 
indigenous parasites, their effectiveness and possible role in control. Samplings for 
such research are concentrated mainly to the given aphid species, while allied in- 
formation on separate parasite species, their altemanvc hosts, etc., is a further step 
towards research. 

1 . Life-cycle of the given aphid species and its occurrence in various types of 
habitats. 

2. Sampling of all obtainable colonics of the aphid in separate kinds of habitats in 
which it occurs. 

3. Analysis of parasite composition. 

4. Selection of the most common and effective species and their classification in 
accordance with the data obtained in basic research. 

5. Establishing of foci of these parasites in nature and field information on their 
effectiveness, dispersal, etc. 

6. Classification of habitats with respect to the introduction of other parasite 
species from abroad. 

Further activities are connected with biological control and integrated control 
programs. 
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BIOLOGICAL CONTROL. 

- Release of introduced parasites. The basic idea of the biological control program in 
introducing parasites is to make them new permanent members of certain communi- 
ties in a given country to control a given pest species. For this reason, release of 
introduced parasites must be made simultaneously or gradually both in the given 
cultivated crops in which the pest is to be controlled and in the neighbouring habitats. 
The establishment of an introduced parasite in various both wild and cultivated 
communities gives a greater possibility of surviving various unsuitable periods and of 
avoiding the elimination of the introduced species in a given country. Therefore, the 
classification of the neighbourhood besides the planned release plot in a cultivated 
field has to be evaluated with respect to the known or expected range of introduced 
parasite specificity and its requirements as to the occurrence in various habitats. 

- Recovery. If the introduced parasites were released in the cultivated and/or wild 
neighbourhood or not, search for recovery should be undertaken in all the environ- 
ments to which the parasites can disperse. This is important, in order to ascertain the 
gradual adaptation of the parasite in the new environment from which it may 
disperse to other areas. 

- Establishment. Generally, a successfully permanently established parasite should 
occur in the new environment in an adequate way as the indigenous parasites do, 

i.c. to occur both in wild and cultivated habitats. The strict attachment of a parasite 
species to a single crop gives it a poorer chance of surviving certain unsuitable periods 
due to climatic conditions, man’s acuvnty, etc. This situation is somewhat better in 
case that the crop is a perennial and relatively stable community such as alfalfa 
(Example: Aphidius smitlu — Acyrthosiphon pisum in California). Naturally, this 
depends on the origin and relations of the pest species controlled, range of parasite 
host specificity etc. , there is no doubt that introduced parasites of Aphis spp. and 
allied groups arc expected to find various alternative hosts in the new environments 
more easily than the relatively strictly specialized parasites, such as those of the 
Callaphidid aphids, etc. 

integrated control. This is to give a brief review of the problems, as they arc 
dealt with in connection with other problems in the integrated control chapter in a 
more detailed way, 

- Inside a given crop. i. Complex treatment of a crop by a lion-selective insecticide 
means elimination of parasite foci in the treated plot. 

2. Partial treatment. In the treatment of a plot of a field or orchard, parasite foci 
can be conserved in untreated parts and the parasites may gradually disperse to the 
treated area and attack either the surviving or rc-occurnng aphids. Partial treatment 
may be carried out in a part of a crop growing area, or only the pest outbreak plots 
can be treated. Similarly, it may not be done m plots where there exists a high level 
of parasite occurrence. In other cases, the central part of a field can be treated while 
the field edges arc left untreated as these are the areas of parasite dispersal to the field 
from the neighbouring habitats. 

3. Strip treatment is an intentional program to conserve parasite foci in a part of 
the crop growing area. 

4. Selective insecticides, both in dosage or in action, arc useful in conservation of 
cither temporary or chronic parasite foci. 

5. Timing of treatment. Parasites were generally found to be most capable of 
surviving treatments when inside mummified aphids, i.c. in last instar larva to pupa 
stages Timing of treatment, including the period of insecticide residue action, to a 
period w hen the parasites arc inside mummified aphids may w ell preserve the parasite 
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foci, although a certain part of parasite adults or lower instar parasite larvae (inside 
the living aphids) may be killed by insecticides. Timing of treatment can be done 
generally either with respect to their general occurrence during the season or to their 
developmental stages which prevail in a given period. 

6. Weeding in crop growing plots is a generally accepted part of an agrotcchnica] 
program. For this reason, weeds in crop growing plots apparently play hardly any 
role in an integrated control program, although some of them may be useful as 
temporary foci of parasites. There is another problem, that of conservation of weeds 
on adjacent non-cultivatcd areas, where they may or may not be useful as parasite 
foci. 

7. Strip cutting or a strip harvesting program has been developed as a part of an 
integrated control program of pest aphids on alfalfa. In principle, it is based on 
preservingthe continuity of stable environment occurrence, i.c. on the preservation of 
chronic foci of parasites throughout the season. Experiments have shown that an 
entire simultaneous harvesting of a field is detrimental to parasite occurrence. 
According to our observations it is also important whether the harvested alfalfa is 
left to dry in the field (dry forage) or immediately transported from the field (green 
forage). 

8. Clean cultivation and its influence on parasite fori must be evaluated with re- 
spect to separate kinds of orchards and climatic belts. W hen being done during the sea- 
son, dean cultivation may be indifferent to parasite foci in the ease that the parasites 
of fruit tree pest aphids have no relation to aphids occurring on plants in orchard 
undergrowth, while — vice versa — it may eliminate certain alternative hosts of 
parasites in the case they attack the aphids occurring m undergrowth as well. Clean 
cultivation made in spring or in autunm may be detrimental to quiescent (over- 
wintering) stages of parasites as they can often be found on fallen leaves on the 
ground. There arc some exceptions ( Trioxys pallidus) when the parasites partially 
overwinter on the bark of trees, so that their reduction through cultivation is lower. 

9. Tillage means with perhaps no exception the elimination of parasite foci m a 
given plot. The superfacmg of parasite cocoons (overwintering stages) has the same 
results. Therefore, we can expect no parasite foci occurrence in spring m such places 
which were ploughed in the autumn, etc. Seasonal tillage, however, may not mean 
the elimination of the temporary parasite foci in the grown crops. 

10. Irrigation means better conditions for plant growing. Irrigated plots, without 
any doubt, will be more intensively attacked by aphids, various foci of parasites 
originating in consequence. From this point of view, irrigated plots may exhibit 
other features than the non-irrigated plots. 

11. Strip fanning. It is well known that the fauna associated with different crops 
exhibits various relationships. This is true for the aphid parasites as well. I11 the case 
of stnp farming, this relationship might be useful in case of identical parasite occur- 
rence on aphids associated with two different crops, annual and perennial crops, etc., 
so that one crop field might represent an area where parasite fori are conserved, 
while they may be reduced in the neighbouring field. However, these relations arc 
specific and may be elaborated only after careful comparison of aphid and parasite 
specific composition, seasonal history features, etc. 

- Betu’ccn different crops. 12. Intercropping, if undertaken with respect to integrated 
control, can mean the creation of temporary or chronic foci of parasites m the 
neighbourhood of a certain crop. Similar conditions seem to occur in this case as 
Well as in the stnp farming program. However, it is well known that natural enemies 
are usually concentrated more on smaller than on larger plots of certain plants. 

- 7m neighbourhood of crops. 13. Sparing of uncultivated, wild spots among fields or 
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BIOLOGICAL CONTROL. 

- Release of introduced parasites. The basic idea of the biological control program in 
introducing parasites is to make them new permanent members of certain communi- 
ties in a given country to control a given pest species. For this reason, release of 
introduced parasites must be nude simultaneously or gradually both in the given 
cultivated crops in which the pest is to be controlled and in the neighbouring habitats. 
The establishment of an introduced parasite in various both wild and cultivated 
communities gives a greater possibility of surviving various unsuitable periods and of 
avoiding the elimination of the introduced species in a given country. Therefore, the 
classification of the neighbourhood besides the planned release plot in a cultivated 
field has to be evaluated with respect to the known or expected range of introduced 
parasite specificity and its requirements as to the occurrence in various habitats. 

- Recovery. If the introduced parasites were released in the cultivated and/or wild 
neighbourhood or not, search for recovery should be undertaken in all the environ- 
ments to which the parasites can disperse. This is important, in order to ascertain the 
gradual adaptation of the parasite in the new environment from which it may 
disperse to other areas. 

- Establishment. Generally, a successfully permanently established parasite should 
occur in the new environment in an adequate way as the indigenous parasites do, 
i.c. to occur both in wild and cultivated habitats. The strict attachment of a parasite 
species to a single crop gives it a poorer chance of surviving certain unsuitable periods 
due to climatic conditions, man’s activity, etc. This situation is somewhat better in 
case that the crop is a perennial and relatively stable community such as alfalfa 
(Example: Aphtdtus snutlii — Acyrthosiphon pisunt in California). Naturally, this 
depends on the origin and relations of the pest species controlled, range of parasite 
host specificity etc.; there is no doubt that introduced parasites of Aphis spp. and 
allied groups arc expected to find various alternative hosts in the new environments 
more easily than the relatively strictly specialized parasites, such as those of the 
Callaphidid aphids, etc. 

integrated Control. This is to give a brief review of the problems, as they arc 
dealt with in connection with other problems in the integrated control chapter in a 
more detailed way. 

- Inside a given crop. i. Complex treatment of a crop by a non-sclcctive insecticide 
means elimination of parasite foci in the treated plot. 

i. Partial treatment. In the treatment of a plot of a field or orcliard, parasite foci 
can be conserved in untreated parts and the parasites may gradually disperse to the 
treated area and attack cither the surviving or rc-occurnng aphids. Partial treatment 
may be carried out in a part of a crop growing area, or only the pest outbreak plots 
can be treated. Similarly, it may not be done in plots where there exists a high level 
of parasite occurrence. In other cases, the central part of a field can be treated while 
the field edges arc left untreated as these arc the areas of parasite dispersal to the field 
from the neighbouring habitats. 

3. Strip treatment is an intentional program to conserve parasite foci in a part of 
the crop grow mg area. 

4. Selective insecticides, both in dosage or in action, arc useful 111 conservation of 
culver temporary or chronic parasite foci. 

5. Timing of treatment. Parasites were generally found to be most capable of 
surviving treatments vvlien inside mummified aphids, i.c. in last instar larva to pupa 
stages. Tunuig of treatment, including the period of insecticide residue action, to a 
period when the parasites arc inude mummified aphids may w ell preserve the parasite 



foci, although a certain part of parasite adults or lower instar parasite larvae (inside 
the living aphids) may be killed by insecticides. Timing of treatment can be done 
generally either with respect to their general occurrence during the season or to their 
developmental stages which prevail in a given period. 

6. Weeding m crop growing plots is a generally accepted part of an agrotcchnical 
program. For this reason, weeds in crop growing plots apparently play hardly any 
role in an integrated control program, although some of them may be useful as 
temporary foci of parasites. There is another problem, that of conservation of weeds 
on adjacent non-cultivatcd areas, where they may or may not be useful as parasite 
foci. 

7. Strip cutting or a stnp harvesting program has been developed as a part of an 
integrated control program of pest aphids on alfalfa. In principle, it is based on 
preserving the continuity of stable environment occurrence, l.c. on the preservation of 
chronic foci of parasites throughout the season. Experiments have shown that an 
entire simultaneous harvesting of a field is detrimental to parasite occurrence. 
According to our observations it is also important whether the harvested alfalfa is 
left to dry in the field (dry forage) or immediately transported from the field (green 
forage). 

8. Clean cultivation and its influence on parasite foci must be evaluated with re- 
spect to separate kinds of orchards and climatic belts. When being done during the sea- 
son, clean cultivation may be indifferent to parasite foci m the ease that the parasites 
of fruit tree pest aphids have no relation to aphids occurring on plants in orchard 
undergrowth, while — vice versa— it may eliminate certain alternative hosts of 
parasites in the ease they attack the aphids occurring in undergrowth as well. Clean 
cultivation made in spring or in autumn may be detrimental to quiescent (over- 
wintering) stages of parasites as they can often be found on fallen leaves on the 
ground. There arc some exceptions (Trioxys pallidns) when the parasites partially 
overwinter on the bark of trees, so that their reduction through cultivation is lower. 

9. Tillage means with perhaps no exception the elimination of parasite foci m a 
given plot. The superfacing of parasite cocoons (overwintering stages) has the same 
results. Therefore, we can expect no parasite foci occurrence in spring m such places 
which were ploughed in the autumn, etc. Seasonal tillage, however, may not mean 
the elimination of the temporary parasite foci in the grown crops. 

10. Irrigation means better conditions for plant growing. Irrigated plots, without 
any doubt, will be more intensively attacked by aphids, vanous foci of parasites 
originating in consequence. From this point of view, irrigated plots may exhibit 
other features than the non-irrigated plots. 

11. Strip farming. It is well known that the fauna associated with different crops 
exhibits various relationships. This is true for the aphid parasites as well. In the case 
of strip farming, this relationship might be useful in case of identical parasite occur- 
rence on aphids associated with two different crops, annual and perennial crops, etc., 
so that one crop field might represent an area where parasite foci arc conserved, 
while they may be reduced in the neighbouring field. However, these relations are 
specific and may be elaborated only after careful comparison of aphid and parasite 
specific composition, seasonal history features, etc. 

- Between different crops. 12. Intercropping, if undertaken with respect to integrated 
control, can mean the creation of temporary or chronic foci of parasites in the 
neighborhood of a certain crop. Similar conditions seem to occur in this case as 
well as in the strip farming program. However, it is well known that natural enemies 
arc usually concentrated more on smaller than on larger plots of certain plants. 

- /» 1 neighbourhood of crops. 13- Sparing of uncultivated, wild spots among fields or 
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orchards. Communities with high species diversity arc more stable than simple 
communities, the crops. Diverse communities may just be found on uncultivated 
land, which is more or less common in a cultivated landscape. In this uncultivated 
land many temporary and chronic foci arc found, which must be taken into consid- 
eration in an integrated control program. However, their specific composition must 
be dealt with before any similar classification is undertaken as the value of foci is not 
equal. 

14. Hedgerows and forest protective belts have a general character: They exhibit 
many features of true forest habitats, their parasites may or may not have relation to 
the adjacent crop areas as to their occurrence and dispersal, however, the aphid pests 
can be attacked by these parasites if the former arc temporarily present in hedgerows 
and forest belts (dioecious aphids). In addition, hedgerows and forest protective belts 
do not represent strictly separated habitats, there is an intentionally grown or 
incidentally developed zone of herbs, such as weeds, honey-plants, etc. Tins zone of 
a grassy character usually exhibits great species diversity and may be classified as 
rather useful from the point of view of parasite foci — both temporary and chronic 
parasite foci arc found here. Besides, many other natural enemies arc found here, as 
well as various adult parasites feeding on aphid honcydcw. 

- rod oj indigenous and introduced parasites. There seems to be a general rule with 
respect to an integrated control program: Indigenous parasites arc inliabitants of a 
given landscape and they can survive in various liabitats also in ease they arc elimi- 
nated in a given plot through the action of man. It means that the indigenous 
parasites arc less vulnerable as to their occurrence in the ease that no suitable program 
is developed: they can soon be re-established after a conservation program is in use. 
However, on the contrary, great care must be taken in ease of introduced parasites, 
which arc not permanently established m the landscape, their foci often being depen- 
dent 011 the presence of certain crops and the given specialized pest’s occurrence. It 
is known that this feature reduces the effectiveness of introduced parasites in certain 
areas. For this reason, in introduced specialized parasites, it seems perhaps better — in 
the initial phase of establishment at least — to develop integrated control in the given 
crop, while the occurrence of the introduced parasites in other (uncultivated) 
habitats is a matter of a longer period before they become members of the given 
community in the field neighbourhood, their temporary or chrome foci possibly 
developing here. 

nature conservancy, i. Virgin communities. The research of foci in virgin or 
at least relatively virgin communities is the basic step til the classification of foci of 
cultivated land. Forests, generally being less cultivated liabitats when compared with 
steppe lubitats, exhibit comparatively original features. For this reason, besides the 
problems connected with forest communities, many relations found in ordiards can 
be derived from the research of forests. The same is true of the fauna of hedgerows, 
forest protective belts, etc. Cultivated steppe and scmidcscrt landscape, especially in 
intensively cultivated areas, hardly allow us to find a really natural virgin land of the 
original t) pc. To find such conditions, it is necessary to deal with the problem in 
districts where the cultivation of virgin land still takes places, certain areas ofc.g. the 
U.S.S.K. being rather useful. 1 low ever, also in European counincs, there arc various 
districts where the ongtnal state is more or less preserved by the Nature conservancy 
activities of nun. 

Although the fauna and general conditions that can be found today in cultivated 
landscapes are dilFcrcnt from those occurring in the virgin steppe, there 11 no doubt 
tlut just Rise hetcrogciicuv of plant cover and equilibrium known to occur m the 
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virgin communities give us at least a general idea of the conditions to which our 
integrated control program should at least partially be directed. 

Therefore, it is one of the aims of applied research work to support the activities 
connected with nature conservancy as it enables us to obtain a comer stone to which 
other results could be related. 

2. Non-cultivatcd land. Foci of parasites can mainly be found in non-cultivatcd 
land in a cultivated landscape. In this land, species diversity is a typical feature, re- 
sulting ill relative stability. On the other hand, non-cultivatcd land includes also 
sources of certain pest aphids. For this reason, protection of non-cultivatcd land may 
have both a positive and negative significance. However, in non-cultivaced land, a 
high limitation of pest aphids by parasites usually prevails due to species diversity. 

3. Cultivated land. Nature conservancy lias as its aim not only the conservation of 
virgin land, but it has also the leading role or at least some care in elaborating the 
program as to the development of a healthy landscape as an environment for human 
existence. 

When we have in our mind the extensive application of insecticides against aphids 
in different countries and zones, the importance of an integrated control program for 
nature conservancy in cultivated land is well apparent, just from the point of view 
in reducing the insecticide application to determined necessary levels. From this 
point of view, we could classify an integrated control program as to be simultaneously 
a nature conservancy program in a cultivated landscape: one of the leading principles 
of this program is just the statement that insects arc necessary members of agrobio- 
cenoscs. 

4. Conservation through integrated control. Any integrated control program has an 
adequate positive role in nature conservancy as it is the task of such a program which 
puts a biological agent as its base, to reach such a community stare where the pest 
species are kept under control of biotic agents, treatments and other activities dan- 
gerous to nature conservancy being applied only 111 ease the pest has reached certam 
levels. Complex non-sclcctivc treatments, which are especially harmful to nature, 
must be avoided according to the integrated control program. Foci of certain aphid 
parasites, in connection with an integrated control program or at least projects, will 
be preserved through specific activities. Besides their own primary role, the occur- 
rence and dispersal of useful parasite spedcs, the parasite foci — being simultaneously 
sources of aphids — are significant for a number of other natural enemies as a source 
of food (honcydew). In addition, however, the fact must be stressed that the conser- 
vation of aphid parasite foci is only a small part of the general integrated control 
program on a given cultivated crop. 
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CHAPTER X 


Natural Limitation oj Aphids 


The role of parasites in the natural limitation of aphids is of basic significance. All 
applied research trend must begin from the knowledge of the ecosystem. We must 
first know the mechanism of the ecosystem, the position of the parasites in a com- 
munity, and only on this base can we develop certain control activities. This trend, 
which was developed independently as a result of the studies of many workers, is 
followed today all over the world, the ecosystem principle being considered one of 
the basic principles of integrated control. 

Methods 

- sampling of populations, i . The correct selection of a plot in which samples arc 
taken is of great importance. The purpose of plot selection is to take samples which 
would represent an average with respect to the studied area. The type of the com- 
munity we have to study influences the selection of an experimental plot to a high 
degree. In natural communities we select a truly typical place, avoiding ecotonc 
problems. In cultivated crops, we avoid ecotonc problems too, but the selection of a 
plot is easier as most of the crops represent monocultures. Plots should be selected, 
where no treatments arc earned out. In special cases, for example, if wc have to 
study ecotonc problems, samples are taken from certain parts of the studied areas and 
the cxpcnmcntal plot is selected in this special part. In other cases, if wc have to study 
the detailed distnbution of a population in a given area, plots are selected in a 
corresponding manner; for example, if we have to recognize the distnbution of 
populations of host and parasite with respect to prevalent winds, etc., the plots arc 
selected m various parts of the investigated fields. 

2 . The interval of taking samples depends on time and space. As to the time, here 
wc arc in a dilemma : the population counts should be made as often as possible, but 
they can be rather time-consuming as is the further work with the collected material. 
Most authors have taken samples at weekly or fortnightly intervals. Itisrccommendcd, 
too, to take the samples at a given penod of the day to avoid eventual mistakes due 
to diurnal activities of the insects. 

It is well known that populations arc not distributed regularly over a certain plot. 
As wc have to make an average picture of a given plot, it is recommended to divide 
the plot and then to take samples in diagonals, each sample being taken at a certain 
distance, or, if the crop is sown or grown in rows (potatoes, sugar beet) samples arc 
uken at regular distances in selected plants (each tenth plant, etc.). 

Intervals of taking samples, both as to time and space, must be organized m such 
a way as not to influence the population numbers. For example, glorce (i{>57) af " 



ranged sampling throughout the season so that every plant was visited once in four 
weeks. Naturally, this is a ease of selected plants, but no such care need be paid to 
sampling in extensive alfalfa fields, etc. 

3. Preservation of samples depends on the kind of method used as well as on the 
quantity of material collected. The smaller samples may be put directly into al- 
cohol; larger samples arc usually anaesthetized, and transferred into large or small 
bags, fixed with adhesive tape, and they arc later selected and counted in the labo- 
ratory’. 

4. Sweeping is a rather commonly used method. Principally, it can be applied in 
two ways: first, we may do a certain number of sweeps in an experimental plot; the 
results arc relative and cannot be related to a certain defined area. Second, we may' 
intensively sweep a certain defined area by as many sweeps as is necessary; such 
results may be related to a strictly defined area. 

The sweeping method is advantageous for obtaming a large quantity of material 
during a short time. Moreover, adult parasites can be collected as well. However, 
the sweeping method reveals rather numerous disadvantages, so that it can be used 
as an additional method only, owing to the following reasons: (1) It cannot be used 
if the plants are too low, for example, in early growing alfalfa in spring or m cut 
alfalfa stands; (2) it cannot be used in rainy weather, m windy weather, or when the 
plants are covered with dew; (3) time of samples can influence the results as there arc 
diurnal movements of insects over a plant; (4) it is difficult to apply in trees and 
shrubs; (5) it does not cover the whole material present on a plant, some of the 
specimens fall down when slightly disturbed, further, the quantity of material swept 
is different in accordance with the size of a plant, m lughcr plants less material is 
collected as the standard net does not cover the whole plant; (6) it cannot be used for 
many aphid species as many of them do not fall from the plants; (7) swept material 
includes many parts of plants as well as other insects, molluscs, etc., which could 
destroy the swept aphids and parasites, at least they make difficulties when the 
material is selected in the laboratory. 

As an illustration, we can mention the results obtained by the sweeping method 
when being used in taking population counts of ThmoapJits trifolii and ns parasites 
(debach & scklinger, 1964); sweeping gave about 66% accuracy with Th. trifoUi, 
but only about 10% accuracy with the female parasites of the aphid; needless to say, 
data from such samplings could lead to completely misleading conclusions. 

5. When using the stem counting method, we cut a certain number of plant 
stems in a given plot and take all the aphids present m these plants, including the 
aphid mummies. Some authors prefer to take only a certain part of the stems (fenton 
a howell, 1957). Living aphids may be shaken m a canister (gray a schum, 1941) and 
taken to the laboratory for counting, or, as we have modified this method, the 
aphids can be shaken on a plastic dish of a light colour to distinguish them easily and 
then they are collected by a pincette and transferred into alcohol. 

The stem-counting method, similar to the leaf-counting method, manifests a 
number of advantages when compared with other methods: (i) we can collect all 
the stages of aphids present on the stems, {2) it is relatively exact, (3) it can be also 
related to a certain plot ; (4) it exhibits the same features during the whole season 
irrespective of plant conditions or weather; (5) it can be used practically in all the 
aphid species , (6) the material obtained is less in number and may be easily selected 
even when collected; (7) it may be used even m very low plants; (8) it covers also 
aplud mummies. There seems to be only one disadvantage, that we cannot collect 
parasite adults. 

6 . Leaf counting method. A certain number of leaves are collected as a sample unit. 
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As there arc vertical differences among the leaves, leaves of different ages from dif- 
ferent parts of plants arc taken. For example, ciobce (1957) took samples on one 
upper, one middle and one lower leaf from each 50 Drasstca plants, siiands ct al. 
(1965) examined 100 or more randomly located plants or sets of leaves each in a 
number of locations; either all the foliage or only three compound leaves per plant, 
which were located at random on each plant within the top, middle and bottom 
thirds, were examined. Similarly, barms (i960) took ail aphids from 30 alfalfa 
leaves at the top, middle and bottom parts at 10 points in each experimentaJ field, 
300 leaves altogether per field, when sampling 'nicrioaphis tnfohi and its parasite 
populations; more counts were made when the aphid population was low. stuss 
(1967, sluss & HAGEN, 1966) divided the walnut leaves into three categories, i.c. new, 
mature and senescent leaves when counting populations of Cliroinaplns juglandicofo 
and us parasites. 

7. When using the square method, a square of certain dimensions (square foot — 
STERN & v. D. BOSCH 1959) is taken as a sample unit and all the insects encountered 
arc collected irrespective of the number of stems, etc., in the given square plot. 

8. Air suction method. A special method has been developed by dietrick, 
sciilincl k & v. D. boscii (1959) in using a powerful air-suction collector to take 
samples from a given plot. The collected material was later anaesthetized and selected 
in the laboratory. Tim method has a great advantage 111 being relatively rather 
quick and thus enabling u* to obtain a large number of samples from various parrs 
of the studied area in a rather short time. 

9. Visual inspection is m no way an exact method. This is, however, a kind of 
field experience that enables the observer to get general but often useful records: 
we often observe in nature that a species is highly parasitized in a certain part of the 
season, although no further detailed study is nude. Such information is rather 
valuable in later studies on population relations of host and parasite in detail. Into 
this group such records usually belong which we get occassioiully during various 
field observations. 

10. Individual samples usually have the aim to illustrate or complete to detailed 
level a certain other method used. For example, we can obtain a certain adequate 
material of mummified aphids when using the stem-counting method, but such a 
number is not sufficient for determining the degree of hy pcrparasitism ; thus, we 
collect the mummies in an individual way in a given plot. 

1 1 . Mocricke traps arc commonly used to determine the flight dispersal of aphids. 
Consequently, alatc aphids arc collected in this way. In some eases, this method could 
help to recognize the dispersal and parasite population in a certain plot through 
passive dispersal of parasite developmental stages in parasitized alatc aphids. 

12. Caged populations. Some authors used caged populations of aphids to recog- 
nize the seasonal dynamics of host and parasite populations (wave & si lands, 1965 
etc.). A&Tnim(i94s) u ^d I his method when artificially introducing the parasites in a 
com field; the cages were later removed and the parasitized aphids counted- 

Caging of isolated aphid colonics seems to reveal some negative features such as 
preventing aphid and parasite dispersal, consequently, a percentage of parasitism 
may be higher than in uncaged populations, or superparasmsm may occur more 
often (see smith 1966). 

13- Special collecting methods must be used when dealing with counting aphid 
eggs deposited on twigs, branches, etc , or of aphids occurring on woody parts 
(bark, branches) of trees and shrubs. The collecting and counting of root aphids is 
also a special ease. 

None of the methods is fully suitable in different respects. For this reason, several 
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methods of taking samples are usually used, in order to acquire the most exact results 
as possible. For example, we can obtain good results by the stem-counting method 
with respect to host-parasite population densities or degree of parasitism, but the 
sweeping method or individual samples may help us in the research of parasite sex 
ratio, degree of hyperparasitism, etc. 

In our opinion, the stem or leaf counting method seems to be the most suitable, 
the other methods having only an additional character. 

- insecticidal CHECKS. Under certain circumstances, insecticides may be used to 
help us to study seasonal population changes by comparing the results obtained in 
plots where natural enemies were eliminated by insecticidal treatment with the 
untreated plots. This method was used by bartlett (1957) in coccids and their 
natural enemies; it could, however, be used in the aphids and their parasites as well, 
namely, natural enemy effect may be isolated from the effect of biotic factors. 
-host parasite laboratory ecosystems. Laboratory conditions permit us to 
recognize the isolated influence of various factors on host and parasite populations. 
messenger & force (1963) used a bioclinutic chamber within wliich precisely con- 
trolled conditions of temperature, humidity and light were maintained. Judging 
from the methods used by these authors, studies on laboratory host-parasite systems 
(Thcrioaphis trifoln '■ — Pracn exolctum) should be directed in the tree following ways: 

1. Isolation studies. Isolated individuals of host and parasite are observed under 
various temperature, humidity and light conditions (phy sical factors) with respect 
to such characteristics as speed of development, rates of survival to maturity, and 
rates of reproduction. 

2. Density effects. In these studies, we determine the influence of various host aphid 
densities upon parasite reproduction as well as the influence ofa varying number of 
adult parasites on parasite reproduction. 

3. Population studies. In these studies, we investigate the influence of various 
factors on aphid population alone, and 3plud-parasite populations. 

- PERCENTAGE of parasitism. This in an aphid population can be determined by 
several methods, some of them, however, seem to be avoided as they can result in 
serious mistakes. 

1. Dissecting of living aphids. This seems to be the best method of determining 
the percentage of parasitism. However, it has one disadvantage as it is rather time 
consuming. By dissecting the aphids, we get information on the occurrence of 
parasite larvae, while the eggs are usually found less exactly, thus, the percentage of 
parasitism must be considered a little higher than the results show based on the 
presence of parasite larvae. 

Some authors used to dissect higher aphid instars as their dissecuon is easier and 
also they can be more easily selected from the collected material (e.g. sluss, 1967, 
and others). We know, however, that this method is not so correct as, first, the 
parasites prefer certain host instars, and, secondly', the percentage of occurrence of 
various aplud instars m a colony can change for various reasons. 

Some authors, including ourselves, support the practice of taking a certain given 
number of aphids from population samples to dissect, disregarding the rnstar (even- 
huis 1962, stary 1962, etc.). This helps us to form a more detailed picture on the 
percentage of parasitism, the possible role of host specificity of parasites and the 
presence of different aphid instars included. 

The aphids can be dissected m different physiological solutions just after being 
transferred from the field to the laboratory. However, time possibilities and other 
technical reasons often make this difficult if not impossible, especially when a greater 
number of samples arc taken. According to our experience, it is advantageous to 



put the collected living aphid* into approximately 70",, alcohol, flu* me* our time 
in the field. Such preserved material can be dmcctcd later a* the apluJi, a* well a* 
the parasite larvae uisidc them arc well fixed, become whittsli and the parautc 
hrvac can be easily distinguished from the hint body umtctil when the hmt i* 
dissected. 

2. fixation of living aphidt. itA/mioir (1929) used tlur following method to 
determine the parentage of parautnm of a nigar lane pest aphid species by clulciJ 
parautc*: the whole sample of aphnlt was put m ihlond-h) Jratc in benro! solution: 
after a few hour* the aphid* became quite transparent. 'flu* material was then exam- 
ined under a binocular microscope and the parasitized aphids easily counted. Accord- 
ing to HAmnoir he was able to examine about too aplud* within 1-2 minutes, 
j. Counting of mummies. Many authors, especially when determining the per- 
centage of parasitism m L/n’vmj laiixeruin by the aphclinids, used to relate the 
number of mummified apliid* to the total number of mummified plus hung aphid* 
(jANCKE t9J9, UIRIMIARDT 19*0, BODEMUIMU 1947. tORti I 9 J 2 , CtC.), Till* method 
wa» discussed by EVI-MIUS (1962) and classified a* not being a very precise one at w e 
need information on the parautum of still hung apliid*. 

riMiNTtl {1961) used a similar method in hmt and parasite population counts on 
lirasstca oops, the mummified aphids without emergence hole* were calculated 
weekly. As no sample* were taken from the observed colonics, these counts were the 
only possible ones to prevent population disturbance, uorge (1937) used a similar 
method on Drassica crops. This method is perhaps useful if we observe the develop- 
ment of living colonics of hosts, the course of parasitism and if we do nor take any 
samples of the material. 

Unless we deal therefore wills living colonic*, the counting of aphid mummies to 
determine the percentage of parasitism must be criticized in agreement with WAV 
(1966). According to this author, misleading conclusions on parasite efficiency arc 
often obtained from the large proportion of parasitized aphids left after the dispersal 
of non-parasitized aphids, it is well known, tlut the aphids gradually emigrate 
(alatc specimens) from the colonics leaving the immobile mummified aphids (both 
with or without an emergence hole) behind. We believe that the records based on the 
number of mummified aphids are useful at the level of field observation, w Inch docs 
not permit more exact information; if there are a quantity of mummified aphids in 
an aphid colony, there is no doubt tlur flits colony is heavily parasitized, although 
the percentage of parasitism can be, say, only 50 instead of 90- too as it might seem «<> 
be, due to the counting of only mummies; naturally, such a determination of the 
percentage of parasitism would be a basic mistake in population studies. 
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Ecosystem 

natural communities The interplay of ph> sical and biological forces has resulted 
in the establishment of characteristic groups of plants and annuals in all habitable 
areas of the world. These interacting systems, composed of all the living organisms 
and their non-living environment, in an area sufficiently large to permit the charac- 
tenstie exchanges of energy and perpetuation of the component organisms, arc 
called ecosystems. The living portion of the ecosystem is the community. Each 
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community maintains itself by adaptations tliat allow it to withstand adverse 
influences and to obtain its needs by exchange with the environment {clarke 1954, 
HU 5 TAKER U MESSENGER 1964). 

The members of a community or bioccnosc exhibit various interrelations: there 
arc different degrees of positive or antagonistic relations. However, as mentioned by 
clarke, mutual tolerance and beneficial interaction have brought about a certain 
degree of interaction within the group. Thus, a community is defined by clarke as a 
group of mutually adjusted plants and animals inhabiting a natural area. 

Due to the interrelations among the community members a community manifests 
a certain defined structure. However, although the function of ever)’ organism is 
defined in a community, the degree of its role is dynamic. There occurs a typical and 
defined natural balance in a community, which is rcachedjust by the mutual tolerance 
and beneficial interactions of the community participants. This quantitative relation- 
ship, termed as balance of nature, has been defined as the tendency of the population 
denudes of all species in the same general area to maintain a more or less consistent 
numerical relation to each other, due to interactions between each other and between 
the physical environment (sec: doutt & debach 1964). As the responses of the 
various members of the community to the influence of physical factors are different, 
fluctuations are observed around a certain population equilibrium: some populations 
may be favoured, populations of other species may decrease due to the influence of 
identical physical conditions, etc. Because of the mechanism of a community, the 
less suitable state, which appeared in a community owing to the effect of physical 
factors on some of its members by decreasing or increasing the degree of influence, 
is changed to reach the defined equilibrium position. 

Every community gradually reaches a certain state, a climax, which is the result of 
the best adaptation of community members to given conditions of environment. 
Consequently, we can recognize well developed and less developed communities, 
dosed and open communities, respectively. As shown by huffaker & messenger 
(1964), evolution leads to the origin of new forms to fill new roles or to fill old ones 
more efficiently; thus there is a tendency' towards increasing the biotic complexity 
of communities. 

As we are all aware, the separate communities are generally not strictly separated 
from each other, certain transitory zones occur, the ecotoncs of which reveal peculiar 
features both as to the number and density of populations of various species. 

— parasites As members of food chains. Generally, as to its structure, a community 
is composed of various food chains, which represent phytophagous insects and their 
associated enemies that limit their numbers in a community. In addition, there arc 
various organisms in a community that have a certam independent role and do not 
belong to any food chain (saprophagous organisms, etc.). 

Aphids, as a group of phytophagous insects, represent a basic part of a food chain ; 
a number of various natural enemies are associated with them. The mam role of the 
natural enemies, similarly as in the case of other food chauis, is to limit the host aphid 
number thus preventing outbreaks and causing heavy injury to the basic element of 
the community, the plant element. The natural enemies of aphids act as a whole, the 
separate groups arc complementary in action. The aphiduds, as a group of aphid 
parasites, represent one of the groups of the natural enemies of aphids. 

~ natural balance. Aphids as phytophagous insects are able to respond to 
favourable conditions of their host plants and to favourable physical conditions by 
rapid and intensive increase of the population number in a given community. Aphid 
outbreak may cause heavy injury to the host plant. Consequently, fluctuations in 
population equilibrium follow and they must be put to equilibrium position by the 
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mechanism of the community: natural enemies, including the aphidiids, act as the 
corresponding mechanisms of the community m reducing the aphid number to a 
certain level, preventing basic injur)' to the phytoccnosc, or plant component of the 
community, by the aphids; moreover, the aphid species themselves manifest intrinsic 
regulation in density-induced dispersal. The action of community mechanisms, 
being a reaction to a fluctuation in equilibrium due to aphid population increase, 
come into action somewhat later; consequently, another fluctuation follows as a 
result of their action before an equilibrium position is reached. The action of commu- 
nity mechanisms via natural enemies of aphids is specific; in some communities the 
aphids are attacked by parasites only after they have reached a certain population 
level, in other communities the parasites attack aphids just as soon as they emerge 
from the overwintering eggs (temperate zone), 

- COMMUNITY AND species. We arc well aware that a species can be a member of 
various communities. Widely specialized aphids arc just a t) pical example. Moreover, 
community alternation, connected with host plant alternation is an obligatory 
feature of biology m dioecious aphid species. The parasites, contrary to aphids, arc 
more habitat dependent, i.c. they depend on a certain kind of habitat in their distribu- 
tion, although they can be members of various communities of the same or a similar 
kind. 

The occurrence of aphids in different communities means that they fall under the 
influence of balance of these communities which is dependent on a given community. 
Consequently, an aphid species may have different population equilibrium positions 
in different habitats. In one habitat it can be abundant, in another one scarce (see: 
DOUTT ti DEBACtl 2964). 

- environmental forces of natural LIMITATION. The interaction between host 
and parasite populations has been an object of research of many authors. Of these, 
Nicholson (1933) and Thompson (1934) represent the main opinions, the other 
authors being more or less in agreement with either the first or second. The general 
idea of Nicholson’s theory is that the host produces a fixed number of progeny and 
the number of eggs laid by the parasite is dependent on host density. This means that 
when host density is high, the parasite density is high, and when the first one is low 
the second one is low too. Thompson’s initial assumption is that both host and 
parasite lay a fixed number of eggs, thus the number of eggs laid by a parasite ? is 
unrelated to host density and a parasite 9 lays a limited number of eggs amongst ns 
hosts. Several authors (milne 1957, klomp 1958, varley 1959, huffaker u messenger 
1964) have discussed these opinions; both theories possess many positive and negative 
features, they arc, however, more or less complete from certain points of view. We 
agree with hutfaker ic messenger that controvcrsc opinions and even a dogmatic 
keeping of the role of density dependence has been an unfortunate conflict in popula- 
tion ecology, as both groups of factors i.e. density dependent and density independent 
factors, play a complex role, the degree of significance of the separate factors being 
different in different eases (see- below). 

- The factors. There is one basic principle as to the mechanism of natural limitation 
in that the environment acts as a totality and the elements of this whole arc in 
important, sometimes delicate, interaction (huifaker & messenger 1964). 

The factors of the environment arc of the following two groups (clavkb 
1IUTAKER & MESSENGER 1964) 

Density independent factors, or conditioning forces, occur and act irrespective of 
density of populations and were defined as environmental factors or agents which, 
uninfluenced by densit), contribute to the setting or fixing of a framework of 
potential environmental capacity or affect interim population realization when 
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Fig. 292. Schematic representation relating the density-dependent and density- 
uninfluenced environmental forces of natural limitation to changes in population 
density under different types of environments. Relative widths of sector lines indicate 
relative correlation of corresponding forces with changes in population densities in 
time or in space. Sectors X and Y ace considered together as parallel parameters. 

Environment A: Physical factors continuously favourable; heterogeneous plant life; 
biotic factors predominate; natural enemies, food, suitable habitats numerous. Micro- 
habitats spatially contiguous. 

Environment B: Intermediate between A and C. 

Environment C: Physical factors fluctuate excessively; intermittently favourable; 
plant life tends towards less complex stands, biotic factors, natural enemies, food, 
suitable habitats fewer, or not continuously present. Microhabi.ta.ts more scattered, 
non-contiguous. 

Sector X - conditioning forces (density-uninfluenced, including density-independent 
repressive action$)-clnnatic and cdaphic conditions, light, protective places, quality and 
potential levels of food, conditions for existence of allies, direct competitors, parasites, 
predators, pathogens. 

Sector Y - density-dependent (governing) actions: competition for food, shelter, 
breeding places, density-induced inhibitive reactions (huefaker a messenger, 1964 ). 


capacity is not attained. The density independent group includes generally the 
physical features of the environments, mainly climatic, cdaphic, and light conditions. 

Density dependent factors, or governing mechanisms, were defined as actions or 
repressive environmental features, collectively or singly, winch intensify as the 
population density increases, and relax as this density falls. This group of factors 
includes the biotic factors of the environment. 

As mentioned above, these groups of factors arc in interaction and their role can 
be different in different environments as shown by hlffaker a messenger (1964) 
(Fig. 292). 
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Ill our opinion, the density dependent factors or governing mechanisms can be 
subdivided as follows: 

1) Self-re gulatory mechanisms of populations 

A. Self-regulatory mechanisms of aphid populations 

(a) Intraspccific competition 

(b) Changes in daily fecundity rate 

(c) Dispersal 

B. Self-regulatory mechanisms of natural enemy (parasite) populations 

(a) Intraspccific competition (superparasitism) 

(b) Changes in daily fecundity rate 
(cj Dispersal 

(d) Sex ratio (in biparcntal species) 

2) Regulatory mechanisms of community 

A. Regulatory mechanisms influencing the aphid population (action of natural 
enemies) 

(a) Cooperation 

(b) Competition 
(cj Displacement 

B. Regulatory mechanisms influencing the natural enemy (parasite) population 
(action of hyperparasites). 

In addition, we must stress again the complex action of these factors. 

- Aphid parasite populations. There is a generally known developmental trend in the 
communities to reach a greater complexity. During the evolution of various commu- 
nities, which is characterized by the interaction of their members with the abiotic 
environment and among themselves, various animal groups have obtained various 
roles in a community system. The aphidiid parasites have developed as parasites of 
aphids with the principal ecological role of limiting the number of their hosts, the 
aphids, witliin the frame of a given community. 

- Density dependence - There is no doubt that the principal role of aphiduds as 
parasites of apluds is density dependent. However, in the system of a community 
they only participate in the limitation of aphids; we know today tliat, on the one 
hand, each population of a community manifests a self-regulatory mechanism trying 
to limit its own numbers, on the other hand, the community developmental trend 
is directed to a greater complexity, the same role in a community being played by 
several groups of the community members which arc capable of replacing each other 
in action with generally the same final results. The aphiduds arc just only one 
member of such groups so that they principally do not act in a separate way, but in 
dependence on the action of other members of the same ecological group, the natural 
enemies of aphids. Furthermore, the organism that is limited, i.e. the aphids, and 
agents that limit the population number of aphids, arc different organisms each of 
them reacting differently to the influence of environmental conditions, the latter 
including both the influence of abiotic factors as well as biotic factors such as host 
life history, microhabitat distribution, etc. It is obvious then that the occurrence and 
action of each of them must be limited to time and space, and the interrelations in 
action arc clearly apparent an equilibrium which is partially limited by the natural 
enemies must be limited during the whole season and in all the microhabitats in 
which it occurs ui a com mum t\ 

Tlic abos c scheme is theoretical and the state mentioned w ould be ideal. I’crhaps, a 
truly complete research of a virgin community in a climax state might show that it 
ixturi in rcalitv, too. However, various communities reveal different degrees of 



completeness, so that the action of natural enemies is often found to be incomplete 
for many reasons. 

Thus, concluding, the apliid parasites arc principally density-dependent, they arc 
only one of the agents which limit the density of the aphids in a community. 
-Factors obscuring demit)' dependence - I. Different requirements of host and 
parasite on the environment. Aphids and parasites are two different groups, each of 
them showing its specific responses to the influence of the environment. Naturally, 
if they had to occur in the same community, they must be basically able to survive 
the influence of the factors under which the whole community has developed; 
however, they differ in detail very much. It is known that aphids and parasites 
exhibit different reactions to the influence of such factors as temperature, relative 
humidity, photoperiod, etc. For example, in a certain period of the season the aphid 
is capable of surviving high temperatures or high relative humidities, while the 
same conditions cause high mortality in the parasite population (mulan 1956, 
Lysaphidus platemis ) or the parasites enter facultative quiescence (Praon cxolctwn in 
California, v. d. eoscH et al. 1964, etc.). Similarly, the aphids generally start to 
develop under lower temperatures than the parasites and adverse weather conditions 
can cause changes in seasonal succession of host-parasite (peairs & davidson, 1956, 
Sihizophis graminum and LysipklebttS testatetpts). Moreover, the parasites respond 
differently to the influence of abiotic factors: during part of their life, for example 
during larval development, their response is determined by the response of the 
living parasitized apliid while in the adult stage the mflucncc of the factors is a direct 
one. Similarly, it is known that the mortality is different in aphids and parasites 
during winter in the temperate zone, so that the number of parasites that emerge m 
spring may be considerably reduced in comparison with their density in the previous 
autumn (e.g. paetzoid & yater, 1966, Diacrctiella rapac, etc.). 

2. Self regulation is also an important mechanism which influences the population 
number of both aphid and parasite in a community. It is sometimes difficult to 
distinguish the period of influence of parasites as to the period of their true action 
from the effect of the self-regulatory mechanism m aphids, moreover, this depen- 
dence could be influenced by temperature. 

3. Total aphid population density and population densities of different aphid 
species. Generally,, increased host density is usually followed, hy increase, af parasite 
density and increase of parasitization (salt 1934), and any increase m the total aphid 
population should lead to an equal increase in parasitization in all aphid species. 
However, this is not the case, as the aphid species are not randomly mixed (pimentel 
1961) and, further, the aphids may or may not occur as a total aphid population with 
respect to parasite action. We have selected two extreme cases of commumties to 
illustrate this: 

In Brassica crops, as shown by pimentel, three aphid species occur 111 N. America, 
Breuicorytic brassicae , Ltpaphis pseudobrasstcac and Afyztts pcrstcac. Thus with respect to 
the parasite action, they may be regarded as a total aphid population. The larger the 
total population, the larger the colonies and a likewise greater number of colonies 
arc present However, these colonies are not randomly mixed, and Diaeretiella rapac 
locates the more numerous and larger colonies more often, and a higher rate of 
parasitism results in these colonics. Thus, the parasitization of the separate speacs 
is not relatively equal, but the most abundant species is attacked most. Host prefer- 
ence, which undoubtedly occurs, is believed to play a role if equal choice is given to 
a parasite?. 

As a small addition to the aforementioned, perhaps an extreme case as to its 
significance, is that cited by schliincer & hall (1960) : Lysiphlebus testatetpes is a 
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common parasite of Toxoptera auraiitii on Citrus in California, On Citrus, too, there 
is another common aphid. Aphis spiraecola, which is also attacked by the parasite, but 
the parasite is unable to complete its development, although the aphid is also killed. 
As we can assume, the parasite may be density dependent in action, keeping the two 
aphids as a single population, but a quantity of its progeny — that deposited m 
A. spiraecola — dies so that density dependence is unequal with respect to the parasite 
progeny emerging from T. aurantii and its further action. Still we should like to add 
that the parasite population that occurs in Cuba infests and develops successfully in 
both the aphid species mentioned. 

Another example of total/partul aphid population is an alfalfa community (C. 
Europe). Three species of aphids occur, each of them being attacked by a separate 
complex of parasites, which have no relation to each other: Acynhosiphon pisunt 
— Aphi Juts ervi, Praou Jorsale; liter ioapliis infolii — Praon exolctum; Aphis craccit'ora — 
Lysiphlebus jahariun, Lipolexts gracilis. Thus, with respect to parasites, each aphid 
represents a separate food chain. The situation is even more complicated as Aphis 
craccivora is only a temporary inhabitant of the crop. 

There arc quite a number of eases that arc of an intermediate t)pc where the 
parasite species exhibit a various specificity range in parasitizing aphid species in a 
community. 

4. Host population density and host migration. Migration of host population from 
a certain community causes a more or less rapid decrease and often even a final lack 
of aphids in this community, while immigration to another community tray result 
in an initial stage of population development or an increase of population if a certain 
population level occurred in such a community prior to immigration of a new 
population. 

Both migration and immigration of aphids seems to obscure the density depen- 
dence of the parasites. Migration ofaphids from a given community causes the decrease 

of the total aphid population present and this decrease may obscure the density depen- 
dence of parasites. Similarly, the immigration causes a rise in total population num- 
bers. Furthermore, it depends on the host range of the parasites how they respond 
to the immigration or migration of their host (sec above, and scasonallu’story). 

A peculiar situation seems to exist in certain agroccnoscs, in annual crops especially, 
where the aphids immigrate to a community in which there arc no natural enemies 
(parasites) and the latter must later disperse to such places. Thus, dispersal of the 
parasites here plaj s a role as well. 

Density of aphid population, besides the influence of host plant composition and 
photopenod, is the factor inhibiting the production of alatc aphids and later migra- 
tion. We know (bon scmaisos, 1948) that natural enemies (predators— author’s note) 
because of feeding on aphid prey cause decrease of aphid numbers, thus being useful 
to aphids in reducing the interspecific competition in apluds and reducing »c!f- 
regulation dispersal. Contrary to the predators, the parasites do not influence the 
self-regulators' mechanism of aphids The parasitized aphids live relatively long 
before being lolled b) the parasite, and. being killed, they remain as mummies in the 
colony, so tliat even a high degree ofparaimzauon means a decrease in the population 
ofaphids only after a certain peru d Only in few species, c.g. m some Ciner a species 
(see: host and parasite relationship) the parasitized aphids lease the colony and arc 
found separately on various parts of leaves, needles, etc. . in such cases, a higher degree 
of parasitization could simultaneously mean the ptcscntion or decrease in alatc 
progens production ui aphids but esen in this case, tlic aphids leas-c the colon yj« lf 
before being mummified, otherwise the presence of parasite larvae does not seem 
to change their behaviour. 



5. Host range of parasite. Less specialized species of parasites arc more dependent 
on the single host than the less specialized species, which may attack several hosts. 
Consequently, it seems that a closer density dependence relationship will occur in 
strictly specialized species. Narrow host range seems to be connected with the stability 
of the stand — a monophagous parasite could not survive in such places where the 
host could be temporarily absent. The dependence on host density in the widely 
specialized species may be obscured, on the one hand, by the non-random distribu- 
tion of several host species, so that less numerous host populations arc less attacked 
than the more numerous populations, although both the host species population 
may increase (see above); on the other hand, both migration and immigration 
ofthc host population from a given habitat may cause changes m density dependence 
(see above). 

6. Other uatural enemies. With respect to host-parasite density dependence tliis 
seems to be best apparent from the classification of the relations among the various 
groups of natural enemies: Natural enemies as a whole are primarily density depen- 
dent acting as agents of a community mechanism. They represent different groups of 
organisms, each of them exhibiting specific responses to the influences of environ- 
ment both as to time and space. They replace each other in action, besides coopera- 
tion, even competition and displacement can occur. 

7. Hyperparasites. They have the obvious primary role in limiting the number of 
primary parasites. However, their action is obscured by factors such as the relation 
between secondary and tertiary parasites, their own self-regulation, host range, etc. 
We know very little as yet about these phenomena. 

8. Man's activity. This obscures the density dependence to a high degree. The 
agroccosystcms, in general, arc cliaracterizcd by their artificial character (mono- 
cultures), which is controlled and supported by man; the complexity of the stand is 
much reduced in this way and the action of natural enemies (including parasites) 
becomes incomplete in many aspects. Agricultural practices, such as harvesting, may 
be highly unfavourable to host and parasite population conditions: mortality of 
either the host or parasite can be higher, migration being forced m consequence (see: 
V. d. bosch ct ah, 1966, AcyrthosipJion pisuni and ApliiJius smith). Treatments reduce 
the host and parasite population to a different degree. When non-selective insecticide 
is applied, the subsequent immigration of new host aphid populations is more rapid 
than that of the parasite. 

Selective insecticides reduce the host population and even the populations of 
various natural enemies to a different degree, unnatural relations among the natural 
enemy population appearing as a result (sec: pimentel, 1961, influence of insecticides 
on a Brassica community). 

- Graphical representation - In a logarithmic scale of host and parasite population 
densities tins apparently diminishes the fluctuation of parasite and host density 
relations, i.c. the percentage of parasitization. Vertical distance of the host and 
parasite population curves in a logarithmic scale gives directly the percentage of 
parasitization. Under constant percentage of parasitization the form of the curves 
must be fully identical, only the shifting to a vertical direction being different. 

The percentage of parasitization is more apparent when host density and per- 
centage of parasitization are plotted 011 a linear scale. 

- Terns of population dynamics. Population dynamics of aphids and parasites may 
be classified in different terms. 

- Short term dynamics - It covers the dynamics during one >ear. Most of the data 
obtainable in literature belong to tlus group. 
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Fig. 293-294. Com pan son of seasonal occurrence of Ac yrtlwsiphonpisuiit and percentage 
of parasitization by Aphidtus itvt in 19(54, 1965, 1966. Czechoslovakia, Hradcc Kra- 
lovc. 1964: dry and warm spring and summer, dry autumn. 196s : wet spring and 
summer, dry autumn, 1966- dry spring, wet summer, autumn normal; comparison 
with jo years weather average C-cutting (iiozAk, in press.). 

The following phases can be recognized in short term population dynamics 
(smith 1966): 

I. Initiation is the period of establishment of the aplud population in the area 
together with its parasites, predators, pathogens and competitors. In short c)dc 
agricultural crops and in other similar unstable environment!, this initiation ma)' 
require a new colonization of the area by at least a part of the complex. In other 
more permanent situations, the initial populations and their microdistribution (dis* 
petsion) arc the end-product of differential attrition during a previous unfavourable 
penod (winter cold, summer licat and drsness, etc.) 
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2. Increase is the period when conditions arc most favourable to the aphids and 
without the intervention of outside factors (natural enemies, catastrophic weather or 
man), the apliid numbers would increase almost geometrically. In tliis period, the 
balance between the rate of reproduction of the aphids and the voracity of the 
aphidophagous spedes is most important. 

j. Crash is the phase when the rapid rise of the apliid population is checked and 
the numbers are depressed to low levels or even exterminated locally. The depressing 
elements involved in overwhelming the aphid population begin to have their effects 
during the period of increase but now they assume a greater and more significant 
role. The depressing elements may act separately and a single element may be the 
critical one or several may operate togcther.Thc combinations of depressing elements 
vary from place to place and from year to year. 

4. Survival during unfavourable periods. 

-Long term dynamics -To understand the regularities in population dynamics the 
studies cannot be carried out only during one year as the population dynamics of 
species is connected with the previous year or years and this itself will exhibit a 
similar influence in the following ycar(s). 

Every year conditions differ at least partially from each other and tins is obvious in 
the dynamics of host and parasite populations as well. This well known dependence 
can be illustrated by two examples: 

The fust example is several years research of alfalfa crop and population dynamics 
of Acyrthosiphoit piston and Aphi Jilts ervi ui C. Europe (hozAk in press) (Figs. 293-294). 
It is obvious that dry weather in early spnng supports the apliid occurrence (1964, 
1966), while cold and rainy weather is unfavourable (1965). Parasites arc effective in 
early spring, spring-summer and in late autumn. 

The second example represents results of Pimentel’s studies (1961) on population 
dynamics of Brassica infesting apliids and their parasites in Ithaca, N.Y. During the 
1957 season, Brevicoryne brassicae was the most abundant aphid followed by Myzus 
pcrsicae, while Lipaphis pseudobrassicae was least abundant. In 1938 the order of abun- 
dance was M. persicae, L. pseudobrassicae, B r. brassicae (Figs. 295-298). In both -years, 
the heaviest parasitization in the aphid populations occurred late in the season, when 
aphid populations were most abundant. 

- Area - Most of the studies deal only with a rather small part of the distribution 
area of host and parasite species. Most commonly, a plot in a field or other habitat is 
selected and the results are compared. Moreover, there is a lack of records on 
population dynamics on a wider scale, where the dispersal, etc., would be better 
apparent (sec: way 1966). 

— stable and unstable environments. Virgin communities have arisen as the 
result of a long development during which the plants and animals tried to adapt 
themselves to the given conditions of the environments. Each community has tried 
to reach the climax state and we find various stages of this state in nature. It is known 
that complex communities are capable of defending themselves from various in- 
vaders. The complexity of stands is supported by then heterogeneity, the latter 
supporting a greater number of mechanisms preventing the equilibrium position 
from great fluctuations due to outbreaks of some species. However, although prev- 
alent, mixed stands arc not the only ones that can be found 111 nature. We have 
observed that in some places almost natural simple communities are found : extensive 
natural growths of the common reed, Phragmues communis, can be mentioned as 
an example. 

Pimentel (1961) states correctly that tendency’ towards monocultures results in 
simpler populations, although the simplicity is only relative, in which the number of 
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species is considerably less, the lengths of the food chains are considerably shortened, 
and large amounts of food ate readily available for exploitation. The following 
examples will give an illustration of this: 

Hyatopterus pruni occurs in various numbers on wild Prunus species in deciduous 
shrubs and forests. It has been attacked by a number of parasite and predatory species 
almost from the beginning of its occurrence, as the enemies overwinter in such mixed 
stands and other alternative hosts as well. However, another situation occurs when 
the aphid emigrates from such mixed stands and immigrates to Phragmites com- 
munis growth. In reeds, there arc no other aphids and consequently the natural 
enemies (parasites) must disperse there from the neighbouring communities. This 
gives a possibility to the aphid, under favourable conditions, to reach high population 
levels before the natural enemies become significant as can be commonly seen in 
nature. 

Aphis fibje occurs on Euonymus europaea on the edges of deciduous forests in 
spring, where it is limited by various natural enemies, including parasites. In the late 
spring, it migrates from this habitat and immigrates to steppe type habitats. Here we 
can see the difference according to the type of stand into which die aphid had 
immigrated: in mixed natural or semi-natural stands such as roadsides, waste places, 
etc, the aphid is soon parasitized, as parasites, such as Lysipltlebus fabarwn or Lipolexis 
gracilis have occurred in these places from early spring and here attack various other 
aphids: thus, A.faboe immigrates to such places and is attacked in a similar way as the 
other species. However, in simple stands, in sugar beet fields, the stand is an annual 
crop, so that neither aphids nor parasites can be found there in early spring as they 
did not overwinter here; thus, A. fabae , when immigrating to such stands, is not 
limited by any 'biotic agent and may soon reach outbreak numbers: the natural 
enemies, including parasites, must disperse to such places from the neighbouring 
habitats. It is well known that in these places the aphid is parasitized first at the edges 
of fields, which are near roadsides, etc. (see: foa). 

- Diversity oj stand. As mentioned earlier, a defined equilibrium position is typical 
for every community. Fluctuations around this equilibrium occur due to the 
different effects of the environmental factors on the populations of the separate 
members of the community. Community mechanisms act through various agents, 
one of which are the natural enemies. As mentioned by franz ( 1961 ), cooperation 
occurs among the natural enemies in a community, one aspect of it being the 
complementary action of natural enemies: this may involve a time component — if 
one of the natural enemies is lacking, the other replaces it m space and dispersion — 
host individuals wliich are not found by one natural enemy will be detected by an- 
other one (see: interspecific relations). It is apparent from this kind of community 
mechanism that the more agents occur in a community, the more accurate will be 
the limitation of a phytophagous species in this community, consequently, a better 
balance occurs in heterogeneous communities. 

- Density of populations. The fact has been observed and confirmed by many 
authors that in mixed stands the number of species is higher, but their populations 
are relatively lower, while in the simple stands the number of species is less, but then- 
populations ate higher. 

In aphids and parasites, the mentioned dependence may be confirmed by extensive 
field observations, pimentel (1961) proved this dependence by the research of Bras- 
sica crops grown in mixed and simple stands. Simple stands were those where 
Brassica olcracea was exclusively grown, while mixed stands contained also wild 
Crudferae. In 1957, the significantly greater number of parasites present in the single 
spcdcs planting as compared with the number found in the mixed speries planting 
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oleracca, Ithaca, U.S.A. (pimenux, 1961). 

Fig, 300. The log number of parasites per unit plant area in the mixed ( ) and 

singic-spcrics ( ) stands during 1957. Brassica olcracea-plant, Brevicorjttf brassicae 

(mostly)-aphid. Ithaca, U.S.A. (pimentel, 1961). 


was directly related to the high Brevicoryne brassicae population in the latter. As the 
parasite population also increased on the aphid population, the ratio of parasites to 
aphids was larger in the single spcdcs plot than in the mixed, 18.9% to 8.1% 
respectively. These parasite trends were not apparent in 1958, mostly due to the 
change in number of Br. brassicae from an outbreak level in 1957 to a markedly 
lower level in 1958 (Figs. 299, 300). 

- Species diversity and outbreaks, pimentel (1961) briefly reviewed the opinions of 
different authors on outbreaks and separated them into two groups: one group of 
workers, due to evidence supporting the proposition that more outbreaks occur in 
a single species stand under man's cultivation than in natural mixed species com- 
munities, believes that in virgin forests outbreaks nev cr occur. According to another 
group of authors, on the contrary, outbreaks arc not restricted to cultivated areas, 
but occur occasionally in the virgin forests. Nevertheless, authors of both groups 
agree that outbreaks are most frequent m cultivated areas. 

With respect to literary records on aphid outbreaks as well as to our own obscr- 
vauons, aphid outbreaks may be observed in virgin stands, semi-natural stands and 
cultivated stands, being most common in cultivated stands. For example, Phyllaphis 
f c V ** known to often occur in outbreak numbers in virgin beech forests in the 
Carpathian mountains in C. Europe as well as in parks. Various aphid outbreaks 
may often be observed on various ornamentals m parks (Aphis fabae) on Philadclphus 
coronanus, A. sptraepha^a on Spiraea sp., in C. Europe. Cultivated crop, naturally, 
cxlubit the greatest number of various examples Aphis fabae on sugar beet, Schizaphts 
gtamtnum on cereals, Rhcpalosiphum maid is on mai2c, Toxopteta aurantii and Aphis 
tpiraecola on Citrus, etc. 

- Multilateral limitation concept The complex action of natural enemies in nature 
means, in addition to others, that a host is theoretically attacked and limited by natural 
avenues in all the environments m w luch u occurs. Thu has been clearly shown by 
ItANZ (1961) 
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With respect to our multilateral control concept wc must admit that there is no 
doubt that a state similar to the state recommended as ideal or at least dealt with in 
(aphid) control is more or less achieved in nature, with no dependence on man. In 
connection with the nomenclature used, wc have to distinguish such a state existing 
with and without the interference of man. For tliis reason, we propose using the 
expression “multilateral limitation* in a similar way as wc use the terms “limitation” 
and “control” as proposed by franz (1961). As to the definition of multilateral 
limitation, it seems possible to classify it as a result of complementary action of 
natural enemies in nature without the interference of man. 

-Clean culture concept. We have shown above that diversity of stand supports its 
stability'. However, contrary to these opinions, peairs (1947) recommends the appli- 
cation of a so called “clean culture concept”, which means the general destruction of 
weeds and hedgerows in the neighbourhood of crop field. 

peairs’s concept was put under question by Pimentel (1961), who stressed the role 
of hedgerows and weed plants in providing the additional diversity of crop fields and 
thus increasing the stability of the latter stands. 

As we have shown in the chapter on parasite foa, we must distinguish and select 
the dominant plants that occur in hedges or as weeds m a parasite conservation 
program. With respect to our classification of foci, there is no doubt that many 
habitats such as hedgerows or weed plant growths represent valuable foci of parasites 
of pest aphids; these parasites kill the pests that immigrate into such places, the parasites 
may disperse from there to the cultivated crop neighbourhood, they may hibernate 
there, etc. On the other hand, there may be also parasite species present in such 
habitats that exhibit no dose relationship to the neighbourhood. Thus wc must 
dassify such habitats prior to their evaluation. Moreover, the aphids present in such 
habitats can be indifferent with respect to parasites, but valuable as to the predators. 

There is no doubt that crops are artifirial in their monoculture character; just this 
character is required by man and this cannot be changed, although monocultures arc 
known as a part of the environment favourable to pest outbreaks. Thus, preservation 
of at least small mixed stands in cultivated areas seems to be recommendable. 

~ Annual and perennial crops. Agroccosystems may be associated with annual, 
biennal or perennial crops. Although all these ecosystems exhibit the basic features 
of agroecosystems, there arc differences among them with respect to the stability. 

Annual crops seem to be the least stable: each year seed is grown in a new plot and 
the devdopment of a community starts, various species immigrate to this area from 
the neighbouring communities. At the end of the season, or even earlier, the com- 
munity is practically destroyed by harvest and ploughing. 

The next year, a similar community develops in another plot in a similar way. 
Cereals, vegetables, potatoes and other crops are examples. 

Perennial crops exhibit the character of an annual crop during the first year of 
their existence, when the community starts to develop. However, contrary to annual 
crops, perennial crops are grown on the very same plot for several years, therefore the 
community is not destroyed by ploughing at the end of each year. Alfalfa crops, or 
orchards, may be mentioned as examples. 

It is obvious from these features of annual and perennial communities that peren- 
nial communities develop a better stability than the annual crops. 

- Life history of aphids. Aphids migrate and immigrate to various communities 
during the season. If they migrate inside various communities of a given type of 
habitat (forest or steppe-field), their immigration exhibits features of commonly 
occurring dispersive movements in a similar way to other members of the com- 
munity. However, a certain part of the aphids, the dioecious speaes in the temperate 
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zone and subtropical zone, have lubitat alternation as an obligator)' part of their life 
ode: consequently, the aphids migrate from one habitat, in which they arc thus 
absent for a certain period, and migrate to another habitat, in which they were not 
present earlier and they again leave it later m the season and return to the original 
first habitat (scheme: forest - steppe - forest). This t)pc of immigration and migra- 
tion causes great fluctuations around the equilibrium position in corresponding 
communities: natural enemies, including parasites, must attack other hosts in ease of 
a given host emigration, or, vice versa, they must attack and limit the number of a 
newly immigrant host population. 

- Host specificity ef parasites. Generally, the parasites act as one of the agents of the 
community to limit the population number of a given host species. This dependence 
is bctier apparent in strictly specialized parasites, if several host species are present m 
a community, the parasite attacks the most numerous population. This fact was well 
documented by huc.ntu(i<Xii). In widely specialized parasites there is an important 
feature at to whether several host species are present in a given community, othcr- 
w isc (he parasite acts as a strictly specialized species as it cannot realize its host range. 
For example, Prjt»i ivlwrr and l'phcdrus plagiator attack the follow ing aphids ui plum 
orclurds in C. Europe: liyahpicrus pruni, PhoroJort luimuli, Ur achy caucus tatJui and 
other aphids in the orchard neighbourhood: however, when H. pruni occurs on 
reeds, tliis growth is practically a natural simple stand where the parasites do not find 
another host species. Similarly, when a widely specialized parasite species is intro- 
duced to control a host species in a new country, us range of specificity is artificially 
restricted as other host species do not occur in the new environments [ChroiMphts 
iu^lmJuoh — Trioxys p Jit Jus, in California). 



distributed in the same kind of habitat, but each of them requires certain micro- 
habitat conditions of temperature and relative humidity (see: v. d. BOSCH 1956, 1957 . 
etc.). Myztts pcrsicac and its parasites in greenhouses: Ephedrtis pcrsicac attacked the 
aphid only on exposed parts of the plants, while Aphiditis matrkariae preferred shady 
situations (mcleod 1937}. In the mentioned eases, it is apparent how one parasite 
species is replaced by another one in a certain microhabitat (Therioaphis trifoUi, 
Myzus pcrsicac ) or not (Schizaphisgratninmt). If the parasite is not replaced by another 
parasite species, it is expected that another natural enemy will come into action. 

- Man's injhteuce. Man’s influence on various communities is generally known and 
can vary from being almost negligible (virgin lands) to entire devastation. Agrocco- 
systems have developed as a result of the growing of certain crops by man and 
attachment of various animal (and plant) species to these crops. 

All these degrees of man’s influence on the communities are connected with 
changes in the stability of these communities: man’s influence causes changes in the 
populations of animals through changes in plant composition, the population 
equilibrium of animal species changes as well and the whole community is strongly 
influenced. In many eases, original natural communities were exterminated and 
secondary communities have developed instead m many places. 

Man’s influence on the community stability seems to be best apparent in the 
comparison of virgin lands and cultivated lands occurring at the very same places 
after cultivating the virgin land. Or, agroccosystcms themselves, as they are more 
simple as to their structure, may be used: growing of crops by man in areas far from 
their native home caused that the composition of a community associated with a 
given crop vanes depending on area. Agricultural practices, such as harvesting or 
ploughing, the whole crop rotation system, they all have a great influence on commu- 
nity stability. Changes in physical environment, such as lmgation, strongly affect 
the composition and fluctuation in agrocenoscs. Chemical treatments cause a 
disturbance in a treated community either of a rather general type in the case of 
complex 11011-selective treatment, or partial in the case of selective insecticide applica- 
tion. Growing of resistant varieties ehnunated also certain groups from the commu- 
nity associated with a certain crop. Finally, new members of communities are intro- 
duced, either accidentally or purposefully, by man. 

- SVNECOLOGlCAL oniMUM. According to franz (1964), if we plot the distribution 
of enemies (Fig. 301) above the zonation of the more basic conditions, we obtain a 
pattern which elucidates why outbreaks (gradations) occur. In fact, they ate often 
limited to zones that are free from effective natural enemies even if other conditions 
arc suboptimum. The term synecological optimum, coined by ruhtsov (1937) 
seems to very well describe the situation This scheme seems to apply to the case 
when a pest aphid spreads to new areas, where it is not attacked by effective natural 
encnucs. Therioaphis trifolii, at least in the initial stages of its spread m California, 
might be mentioned as an example. In other cases, such as many Aphis species that 
arc cosmopolitan in distribution, the aplud may spread from the area in which it is 
limited by a certain parasite, but it can spread into another area where members of 
another parasite faunistic complex are distributed and adapt themselves to patasiti- 
zation on the new immigrant, the latter process is common in nature as we have 
observed in such cases as Toxopicra auraulii. Aphis spiraecofa, and others. However, it 
is a question whether an area where the aphid (phytophagous insect) is free from an 
effective natural enemy may be defined as the synecological optimum. When the 
aphid is not limited by the action of natural enemies in a community, other condi- 
tions being favourable, die aphid reproduces and reaches outbreak numbers in 
consequence; in the latter case, however, the aphid destroys the host plant supply 




Fig. 301. Synccological optimum determined by the imperfect coincidence of the 
host’s and its effective enemy's zone of distribution. Cl* - climatic potential distri- 
bution, area of monophagous plant feeding insect; DF - distribution of food plant; 
CO - climatic optimum zone; CSO - climatic suboptimum zone; EH - effective enemy 
zone; SO - synccological optimum for phytophage (ruANz, 1964)' 


and there arc (for a certain period) no environmental biotic forces that could limit 
such an aphid population fluctuation. It is known that natural enemies arc considered 
just to be favourable for an aplud species in preventing such a situation. Thus, 
according to our opinion, the synccological optimum expression would be more 
suitable for a contrary situation, i.c. if the aphid occurs in a well balanced community, 
where its population fluctuations arc limited around equilibrium position. Synccolo- 
gical optimum for a phytophagous species docs not seem to be in a community 
which has become disturbed due to the immigration and occurrence of a new 
member, but in a well balanced community, irrespective of climatic optimum or 
suboptimum zone. The evolution of communities, which try to reach a climax stage, 
seems to be the best proof. 

- zones. Natural communities that occur today in separate climatic zones arc 
results of adaptation of certain groups of organisms to the conditions of these zones. 
Thus, they will exhibit the same basic features of a community, i.c. there occurs a 
balance, and populations have a certain equilibrium position of population of 
separate species. The peculiarities of the separate zones have naturally influenced 
both the evolution and dynamics of the communities: seasonal fluctuations of aplud 
and parasite populations are different in the temperate zone, the subtropics, the 
tropics, and also in greenhouses. 

Hard winter and hot summer conditions have a marked effect on the dynamics of 
community members in the temperate zone. Winter is spent in quiescent states, 
spring and autumn conditions arc favourable to the dynamics of many communities 
while hot summer conditions arc mostly connected with a decrease of population 
numbers, on the other hand, hot conditions occurring in summer arc favourable 
tor other species. 

In the subtropics, hot summer conditions seem to be generally unfavourable, while 
1 1C l** ^ car 15 c haractcnzcd by apparent fluctuations in population numbers, 
n the tropics, the dry and ramy season seems to have both positive and adverse 
effects on the dynamics of aphid and parasite populations. 
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AGE OF ORGANISM (DAYS) 



Fig. 302. Host-parasite system: Thcrioapliis tri/ohi — Ptaon cxoktum (— yahians ), 
Histograms showing relative durations of development and reproduction for the aphid 
Th. Infolii and its parasite Pr. exolcium when reared m 2 different fluctuating temperature 
environments with means of 12.5 and zi^C, resp. 40 replicates used for aphid life 
cycles and for parasite development; 20 replicates for parasite reproduction. Age inter- 
vals based on median response tunes (messenger a force, 1963). 


In a greenhouse (temperate 2one), changes in temperature due to yearly seasons 
(artificial heating in winter, mild conditions in spring and autumn, and high temper- 
atures in summer) significantly influence fluctuations in host and parasite popula- 
tions present. 

Thus, in general, we can recognize the same basic features of natural limitation of 
apliids by parasites m separate climatic zones: as to the structure, in all the commu- 
nities in all the zones the parasites are only a part of certain aphid-natural enemies 
food chain ; as to their role in the communities, their significance can be high or low 
in a general way, differing in dependence on season, ) car, etc. Thus, it js not possible 
to say that the parasites are more or less effective in a certain zone, their role is 
specific both with respect to a given host and community. Although natural commu- 
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PROGENY PER FEMALE PER DAY 



TIME CDAYS) 


Fig. 303. Host-parasite system: Therioaphis IrifoUi - Praon exoletum (= petitions). 
Daily reproductive pattern during adult life for Th. trtfohi (solid circles) and Pr. exole- 
tum (open circles) reared in 2 different fluctuating temperature environments. 40 
replicates for the aphid; 20 replicates for the parasite (messenger tc force, 1963). 


nities have developed depending on separate climatic zones, the agrocenoses or 
zommunitics of cultivated crops may often be found today in different climatic 
cones or at least their parts irrespective of their origin, and, consequently, their as- 
sociated fauna and its dynamics is different and depends on a given zone. 

experimental communities. The influence of environmental conditions on the 
populations of host and parasite in various natural communities is of a complex 
character in nature and we cannot separate the influence of separate factors there in 
an isolated way. Laboratory conditions, on the contrary, allow us to deal with the 
influence of separate factors and to recognize the true action of at least some of the 
complicated mechanisms of the community. We have intentionally separated the 
experimental communities as they represent an artificial system due to the isolation 
of separate factors that never can be met with in nature. 
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SURVIVAL RATE CW 



Fig. 304, Graphic representations of life tables for Praott cxoletum {= palitans) reared in 
2 different fluctuating temperature environments with means of 12.5 and 2i°C. Time 
is measured from opposition of the egg; i, curves (open circles) show the proportion 
of the initial sample still alive at the indicated times; m s curves (solid circles) show the 
mean daily reproduction rates for adult parasites, based on total eggs produced per day; 
shaded areas under the m x curves show the number of effective eggs (equivalent to 
number of hosts parasitized) laid per day (messenger, 1964). 


Many authors have dealt with the laboratory’ studies of host and parasite popula - 
tions. However, most of such studies cover only the influence of some factors and 
thus the experimental communities are classified rather incompletely. There are 
only several papers which include really comprehensive data, such as haeez (1961), 
PIMENTEL & AL-HAFIDH(l963), MESSENGER & FORCE (1963), MESSENGER (1964), BROUSSAL 

(t96d). 

In host-parasite experimental community studies, we support the approach of 
messenger & force who stress the difference of host and parasite as organisms, which 
exhibit specific features and may be influenced by identical environmental conditions 
to a different degree. Thus, in such studies, it seems to be best to deal first with the 
influence of separate factors on the isolated populations of host and parasite, then 
population density dependence and finally with the general population studies. In 
certain aspects, naturally, wc cannot separate the host and parasite populations 
completely as the aphidiids arc parasitic organisms during a certain period of their 
life, thus, during the larval development we can deal only with the influence of 
factors on the parasite through the host aphid, while in the adult stage we can 
recognize the real direct influence of various factors on parasite adults. 

There is no doubt that the research of experimental communities represents an 
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Factor 

T. maculata 

1 *. pahtans 
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+ 
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-f 
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-f 

+ 
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0 
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light intensity 

+ 

+ 

wind velocity 

+ 

+ 

evaporation rate 


4- 

Food 

Biotic 

+ 

+ 

diapause 

0 

+ 

crowding 

+ 

+ 

mating 

0 

+ 

sex ratio 

0 

+ 

fertility 

0 

+ 

superparasitism 

0 

+ 

oviposition rate 

+ 

+ 

host size 

0 

+ 

host stage 

0 

+ 


Tabic 14. Various kinds of environmental and biological factors that have been 
found to influence the innate capacity for increase (r m ) of Thcrioaphis Infolu (“ maculata) 
and Praon cxolctum (— pahtans ) (messenger, 1964). 


extensive field, where further studies arc urgent and recommended. There is a 
necessity for studies on self-regulatory mechanisms of host and parasite populations 
(intraspecific competition, dispersal, etc.), on the interrelations among natural 
enemies, on the influence of hyperparasites, etc. 

- isolation studies. The research on the influence of separate factors, both 
abiotic and biotic ones, revealed that some of them influence only either the host or 
parasite, while others exhibit the influence on both the groups of organisms; further- 
more, the latter influence differs with respect to host and parasite. Thcrioaphis tn/olti 
and its parasite Praott cxolctum may be used as an example (messenger te force, I9^3» 
MESSENGER 1964) (FlgS. 302-304, table 14). 

- density EiTECTS. Results of studies of various authors agree that host density 
influences parasite density to a certain extent, which depends on the specific features 
of a given parasite. 


Wlnm gradually higher host densities were exposed to an isolated parasite 9* the 
daily fecundity rate increased up to a certain limn, over which the increase in host 
numbers had no effect on the rate of parasitization (Fig. 305). This dependence of 
daily fecundity rates of an isolated parasite 9 may be obscured by the influence of 
such factors as the interval of host presence or absence, age of the 9 , mating, photo- 
period, temperature, intrinsic features of populations, etc., as shown by HAFEZ (i9<>0 
mBreoicoryiic brassicae and Diaerettclla rapae, messenger & force (1963) in Thenoaphts 
tnjolti - Praon cxolctum, broussal (1966) in Brcvtcorync brass, cae - Diaerettclla rapae. 
Further, in host and parasite populations, the density of parasites influences the daily 
fecundity rate of separate parasite 99 as well (see below, population studies). 

bimiiarjy, the total fecundity rate is specific for a parasite (potential fecundity), « 
may be fully realized under favourable conditions (realized fecundity), one of which 
represents the host density, but it has a certain speofical upper limit, which depends 
on the parasite species, over which it cannot increase although host density may 
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EGGS PER FEMALE PER DAY 



NUMBER OF HOSTS EXPOSED 


fig. 305 . Host-parasite system : Thcrioaphis trifohi - Praoit cxolctum (= pahtans). 
Effects of varying host densities on parasites daily fecundity rates, where the indicated 
numbers of 3rd and 4th instar Th. tri/olii nymphs were exposed for 24 hrs to isolated 
Pr. cxtffefum*^. 4-s replicates at each host density. Open circles, t2.$ c C mean tempe- 
rature; solid circles, 2i°C mean temperature (messenger a force, 1963). 


- population studies. In population studies, to understand the significance of 
parasites in such systems, it is necessary to deal first with the development of the 
aphid population alone, then with host and parasite population relations, and then 
with population of the parasite. 

I. An aphid population itself, with no parasites present, gradually increases until it 
reaches a certain density under which much of the food plant is destroyed. Then the 
decline of the population takes place as a consequence of the shortage of food. This 
is an apparent self-regulation of aphid population in this system: population must 
decrease otherwise the food source would be destroyed basically and the whole 
population would become exunct. Under natural conditions, dispersal possibility 
exists, which does not take place in laboratory conditions. Tins dependence of aphid 
population on the conditions of the food plant was well documented by pimentel 
(1961): Brevicoryne brassicae population increased slowly for the first three weeks and 
by the 4th week reached a maximum density of 8,953 . the subsequent decline in the 
aphid population was attributed to the aphid which destroyed much of its food 
plant. This decline halted at the 12th week when the aphid density was about 3,000. 
Approximately 3,500 aphids appeared to be the density level at which the supply 
of plant food balanced aphid demand for it. Tinas, intraspecdic competition limited 
aphid numbers in the system (Fig. 306). 
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Fig. 306. Upper graph: the control aphid population { ) in the 1 6-cell population 

cage. Lower gtaph: the experimental bracomd patisitc ( -) and aphid host ( ) 

in the 16-cell population cage (pimento. * At-HAriDH, 1963). 


2. In an aphid and parasite population system, the parasite population jncrcascJ 
slowly and the parasites affect the aphid population after it reaches a certain level. 

pimentel, in an experimental population of Brevuorync brassicae and Dioeret ielW 
rapae, found that this population behaved in a similar manner to the aphid population 
alone (see above, aphid population), the parasite population increased slowly and 
apparently did not affect the experimental aphid population until the aphid numbers 
declined to about 4,000. Then a sufficient number of parasites existed to force a 
significant decline in the aphid population. A low level was reached in the 14th week 
and following this the aphid population again started to increase. It is obvious that 
m this system the parasite was unable to reduce the aphid except when it was reduced 
severely by the shortage of food (Fig. 306). 

In a Tlterioaphts tnfoltt and Praon exoletum system (messenger & force, 1963), where 
there was no shortage of food as new plants were continually added, the parasite 
was, under certain conditions, responsible for the decline of the aphid population 
after it had reached a certain level, temperature influenced the parasite significance. 
In lower temperature conditions, aphid numbers rose in a manner somewhat similar 
to the control aphid population system, but the increase was more variable, parasite 
reproduction causing a larger or smaller lag in aphid rate of increase; thus, under 
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Fig. 307. Host-parasite system: Tiierioaphis trifolii - Praon exolctum (= pahtans). Th. 
trfoUi population growth curves when reared on seedling alfalfa plants in a fluctuating 
temperature environment averaging: left - i2.s c C, both free and in the presence of 
Pr. exolctum. Population density counts based on mean number of aphids of all stages 
occurring in samples of 54. trifoliate leaves each. Right: ditto, averaging 3i°C both 
free of and in the presence of Pr. exolctum (messenger & force, 1963). 



DENSITY OF PARASITES 


Fig. 30S. Host-parasite system: Thcrioaphis trifolii - Praoti exolctum {— pahtans). 
Effects of varying parasite densities on parasite daily fecundity races, where 80 third and 
4th instar Th. trifolii nymphs were exposed for 24 hr to the identical numbers of 
Pr. cxoletum^Q. 4-5 replicates at each parasite deusity. Open circles, i2.5 e C mean tempe- 
rature; solid circles, 2i c C mean temperature (messenger & force, 1963). 
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these conditions, the parasites were unable to check the growth of aphid population, 
although they were gradually increasing in number. In this ease, eventual termination 
of aphid population increase would be the shortage of food. On the contrary, in 
higher temperature conditions, there was a clear termination of aphid increase well 
below the plant carrying capacity, followed by declines to low levels (figs. 3°7> 3°&). 

3. Parasite population manifests similar self-regulation as the control aphid 
population. Unfortunately, we cannot separate the control parasite population as it 
must be connected with the host population. However, the self-regulation of the 
parasite population is apparent in changes of parasite daily fecundity rates due to 
parasite density, messenger & force showed clearly that the higher density of 
parasites the lower is the daily fecundity rate of a parasite ?. Thus besides dispersal, 
which was prevented under laboratory conditions, the self-regulation mechanism 
of a parasite population seems to be in reducing the daily fecundity rate of separate $■? 
and in increasing superparasitism, i.c. in traspccific competition. Apparently, dispersal 
of parasites should prevent such a state in nature. WAV (1966) showed tliat in s) stems 
of Brevicorync brassicae and Diaercticlla rapat the host was quickly eliminated when 
parasite dispersal was prevented but when dispersing aphids and parasites were 
removed, an oscillating host population was maintained for over 300 dajs. Sex 
ratio seems to have a similar role, being also influenced by host and parasite density 
relations. 


Parasite Effectiveness 

Effectiveness of parasites (natural enemies) has been classified by a number of different 
authors. Perhaps the best definition is given by v. d. floscit & telford (1964). These 
authors believe effectiveness (efficacy) to be determined by the environment, its 
physical and biological properties as well as its stability and relative permanence. 
We deeply support this stressing of the role of environment with respect to parasite 
effectiveness. However, in our opinion, the intrinsic features of the parasite are 
omitted in the definition mentioned above: even a most favourable environment 
cannot cause an increase in parasite effectiveness if the intrinsic features of the parasite, 
its potential rate of increase, is low. Thus, we should pcrlups complete the above 
definition by adding the significance of the intrinsic features of the parasite species, as 
follows: parasite effectiveness is a result of the interaction of the intrinsic features of 
the parasite species with the environment, its physical and biological properties as 
well as us stability and relative permanence. 

In nature, the parasite acts as an agent of community mechanism to limit the 
population number of aphids to a given equilibrium. However, we must stress that 
the population equilibrium of aphids in a given community exists naturally irrespec- 
tive of man s interest. Some fluctuations in aphid numbers can be higher, some lower, 
but, in natural communities at least, each fluctuation of the aphid population i* 
decreased by the action of certain mechanisms, both self-regulatory and/or commu- 
nity mechanisms. However, if the fluctuation of an aphid population causes signi" 
ficant damage to crops, man is inclined to believe that the natural mechanisms are 
ineffective, although such fluctuations occur in nature. Man has a subjective view- 
point in classifying the natural enemies (parasites) according to whether they are able 
to protect his crop from damage or not, disregarding the community. This is natural 
as man tries to harvest as much as he can and he is not inclined to let an extensive 
part of his crop be consumed by insects due to fluctuations in a community. First, 
man has tried to eradicate the pests in hu crops by chemicals and other control 
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measures. We know today that this trend is incorrect: wc cannot eradicate the 
insects, they are a part of the environment and wc must leave them to take a certain 
part of our harvest. Thus, a compromise has appeared in an integrated control trend 
(see: integrated control chapter). The insect populations arc studied, their population 
equilibrium is established; man has stated a ccttain economic threshold over which 
he tries to prevent the pests from reproducing, but otherwise the mechanisms 
regulating the natural limitation of pests (aphids) arc left as untouched as possible. 
It seems, at the present at least, that as man is responsible for the existence of agrocc- 
noscs, which are simple stands at most where the natural balance is more difficult to 
preserve, he must help to reduce some kinds of fluctuations in population numbers 
that occur because of this state of crop communities. 

The parasite effectiveness must be considered also with respect to the kind of 
damage caused by aphids to plants. The number of aphids that cause damage by 
sucking the plant juices is generally much higher than the number of apliid vectors 
that cause damage by transmission of a disease. This different threshold is thus 
important with respect to parasite effectiveness as well. We know today that the 
parasitization of an aphid in a plant cannot prevent the transmission of a virus 
disease. On the other hand, the parasites may cause a decrease in aphid vectors in 
limiting their number prior to their emigration to other habitats; however, total 
eradication of an aphid vector population by parasites in a given stand is relatively 
rare in nature, and the small number that escapes is sufficient to cause damage to 
other plants. We can see again how the significance of parasite action can be different. 

The meaning of effectiveness has been commonly used for the feature of a parasite 
species to limit or control the aphid host to a different degree. However, for example, 
people searching for parasite species in the initial phases of a parasite introduction 
program report some species to be effective. Similarly, many field observations, 
undertaken in short periods during the season, may show a high or low percentage 
of parasitization (number of aphid mummies observed in the colonies) and correspon- 
dingly, the parasite is referred to as effective or ineffective. Therefore, on the one 
hand, the meaning of effectiveness of a parasite is used as the character of a certain 
period of its seasonal history with respect to a given host species, on the other hand, 
it is used as general information or brief characteristic of a species based on short-time 
observation. There is no doubt that in both cases the same expression is used, although 
the true meaning is not identical, depending on the point of view. We know that 
effectiveness of a parasite in nature is no constant or even a specific feature: potential 
rate of increase is surely specific, but it depends on the environmental forces whether 
the parasite may realize tills rate (see above, definition of effectiveness). Strictly 
speaking we should not theoretically classify certam species as effective ones, but as 
being effective under certain given conditions. Nevertheless, in praxis it is different. 
There are quite a number of cases when no comparative classification or detailed 
data on the conditions under which the parasite is effective arc available, effectiveness 
is commonly mixed with percentage of parasitization, etc. But, on the other hand, 
we arc glad, in many cases, to have at least such field records on the separate species 
or those giving at least a brief note. Thus, we ourselves often use the classification of a 
parasite species to be more or less effective in a rather general way, although having 
in mind the complex and complicated matter connected with the effectiveness of 
parasites. 

In the laboratory, we simplify the complex action of factors influencing the 
parasite effectiveness in nature in that we deal with the influence of the separate 
factors in a separate way. Thus, when the action of many environmental forces is 
restricted m tills way, the parasite exhibits different effectiveness than under the 
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complex influence of a natural environment. This phenomenon must be always 
kept in mind. In the laboratory, we can recognize very well the potential rate of 
parasite increase as well as the influence of isolated or partially complex action of 
various environmental factors: the elaboration of life-tables, although being rather 
useful, can help us to understand the influence of only some of the environmental 
factors whose action in nature is rather complicated through their complexity. 

A high percentage of parasitization seems to influence us in classif)ing such a 
species of parasite to be an effective one. However, as may be seen from the review of 
factors that influence the parasite effectiveness, this may or may not be so. A parasite 
can be effective when parasitizing a really high number of host individuals, but, on 
tile other hand, the significance of a parasite may be higher if it attacks a relatively 
lower number of host individuals but in a period of low host density: thus, the 
percentage of parasitization may be low, but the parasite is more effective. Therefore, 
we must emphasize tliat effectiveness of a parasite species and percentage of parasi- 
tization arc two different things. 

- factors. In parasite effectiveness, as mentioned in the definition, both the 
intrinsic phenomenon of the parasite and the environment arc important. Correspon- 
dingly, we have listed the main factors, which could be divided into three groups, 
i.c. intrinsic features of a parasite and influence of the abiotic and biouc environment 
on the parasite. It is obvious tliat the action of these factors is complex and the 
relations among them arc rather complicated. We have dealt with the separate 
factors in various chapters of this book in a more detailed way, so that they arc only 
briefly listed below: 

i. Fecundity. 2. Longevity. 3. lLate of development. 4. Opposition. 5. Mating. 
6. Self-regulation mechanism of parasite population (mtraspccific competition, 
dispersal, decrease of daily reproductive rate, sex ratio). 7. Host specificity (scarclung 
ability, host instar preference, host range, host suitability). 8. Adaptation to the 
life-history of the host. 9. Host density. 10. Host plant. 1 1. Temperature and relative 
humidity. 12. Photopenod. 13. Distribution. 14. Character of stand. 15. Period 
of the season. 16. Action of other natural enemies. 17. Hyperparasites. 18. Man’s 
activity. 

- variation. As parasite effectiveness is a result of interaction between the parasite 
and the environment it docs not have a constant value, but changes as to time and 
space. 

Intrinsic features of separate populations may differ so that the parasite populations 
may exhibit differences in time and space. We know eases where early spring 
population and summer populations occurring at the very same locality differ from 
each other. Further, populations occurring in different parts of the distribution area 
differ from each other as well. 

Similarly, the conditions of the environment change at the same locality during 
the season, a year or different years. Further, the conditions of the environment 
differ in space as well — there arc different conditions in separate climatic zones, 
habitats, and microliabitacs. 


Control 

Damage caused by aphids to plants represents different kinds: the aphids cause 
weakening and deformations of the attacked plants; they produce honey dew which 
can serve as a medium for the development of fungi , and finally, the aphids act as 
vectors of virus diseases of plants. 
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Plant weakening and deformation of attacked plants is a relatively long process 
which needs a certain interval before damage is caused. However, because of the 
balance of nature, the parasites act mostly at such a period when the aphids lihe 
caused damage and reduce their numbers. Significant action of parasites at tad 
initial period of aphid population development is relatively rare. Thus we must 
classify this feature with respect to aphid control in such a way that parasite action 
cannot prevent such damage caused to plants by aphids as leaf curling, galls, etc.: the 
aphids may be considerably limited by the parasites only after the plant deformation 
had developed. This feature needs corresponding activities in integrated control in 
the timing of treatment and use of selective insecticide. There could be another 
situation if an aphid causes weakening of plants but it does not reach economic 
injury level, or docs so only in a certain part of the season ; in such case, which seems 
to be quite common among the aphidiids, parasite action is useful and may be 
supported by proper use of a selective insecticide to prevent an aphid outbreak and 
so decrease aphid population equilibrium level in a certain part of the season. 

Honcydew production, when it may be significant to cause trouble in harvesting 
of crop (alfalfa) or serving as a medium for fungi, is a by-product of a high aphid 
population level. The control activities are principally the same as in eases mentioned 
earlier. 

Virus transmission by aphids and their limitation by parasites is a different case. 
The number of aphids - vectors may be considerably reduced by the parasites, but 
the remaining aphids are sufficient to cause damage to other plants by virus transmis- 
sion (alate aphids namely). Thus parasites can cause a certain reduction of aphid 
population either on another plant or on a given crop, they can also limit the number 
of actual or potential vectors, but they are not able to prevent virus transmission. 
Even if the aphid vector is parasitized, the disease is transnutted, as the interval of 
transmission is much shorter than the period during which the parasite kills the aphid. 
This feature of parasite effectiveness must be kept in mind when an integrated 
control program is elaborated. Probably the parasites might be useful in reducing 
the number of aphid vectors in their sources (weeds, etc.), but they are not able to 
prevent an aphid vector attack on a crop. 

- value of parasites. The principle must be kept in mind when evaluating the 
aphidiids for aphid control purpose, that the parasites are only a part of the whole 
natural enemy complex and they may have a different position and role regarding 
time and space: they may be effective only in certain parts of the season, they may 
occur in some microhabitats only, they exhibit a certain mode of dispersal, etc. In 
such a way, the parasites differ from other members of the natural enemy complex, 
however, we must stress the fact that natural enemy action is complementary. In an 
aphid control program, we must evaluate the role of separate natural enemy groups 
during the season and select the most suitable period for eventual treatment, etc. 

- aphid population equilibrium. Equilibrium position of pest aphid population 
in a given community, the fluctuations around this position, and the significance of 
natural enemies (including parasites) must be capable of limiting the aphid population 
fluctuation below an economic threshold to a various degree in different parts of the 
season or years. 

- stand and seasonae history. The kind of stand where the aphid pest occurs and 
lias to be controlled is rather important for an aphid control program. It is generally 
known that in mixed stands the aphids ate better limited by natural enemies than in 
pure stands. Crops grown by man represent mostly pure stands. Further, it is im- 
portant whether the crop is annual or perennial as more stable communities occur 
in perennial crops. The aphid life cycle is also important as the aphids are capable of 
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emigrating or immigrating to a stand during the season, the effect of aphid emigration 
or immigration being different depending on the character of the stand. However, 
with respect to the control, single environmental factors that predominate can 
often be demonstrated in more simple communities, as correctly stated by debach 
(■M 8 )- ...... . . 

- variation of aphid fauna. In a given area, a certain aphid tauna is associated 
with a certain crop (plant) as a part of the agrocenosc (natural community). The 
qualitative composition is practically constant, but the relative significance of the 
separate species changes according to the season, year, etc. The same is true as to the 
parasites. 

In a broader sense, in a wider geographical area, the qualitative composition of 
aphids and parasites changes considerably, as it is influenced by various climatical, 
historical and other factors. Similarly, the significance changes too. 

- origin OF THE pest. The knowledge of the origin of pest aphid species may be 
helpful in understanding some features of the natural limitation of the aphid pest 
by parasites in a given community. Indigenous parasites may adapt to a new immi- 
grant in a various degree: for example, there has been almost no adaptation of native 
parasites to such pests as Therioaphis trifohi or Cliromaphis jtiglaitdicola, which were 
introduced into California. On the other hand, we know a number of aphids which 
were distributed and became established also in indigenous communities in a new 
area and arc attacked by indigenous parasites as well, the latter exhibiting various 
degree of significance. Toxoptcra aurantii, a pantropical and pansubtropical pest, 
which has become distributed due to Citrus growing, is a good example. The 
occurrence of various faunistic complexes and host range of their members in a 
given area seems to play the main role in such eases. 

- man's influence. It is well known that man has influenced the environment to a 
great extent. The changes of the environment have naturally influenced the limitation 
of aphids by parasites. We can recognize quite a senes of such cases. Truly natural 
communities, such as those preserved m National parks, or virgin lands, exhibit the 
original state. Then, there arc quite a number of semi-modified environments where 
the environment has been influenced but not basically changed by man, and as, 
apparently an extreme ease, there have developed communities due to man’s activi- 
ties, the agroccnoscs, which developed on man’s activity as to their occurrence, being 
strongly influenced by the neighbouring communities. The development of such 
communities which arc partially artificial when compared with the natural commu- 
nities, have been also associated with the development of special relations among 
their members: it is generally known, that the number of species in such communities 
is lower, and the population level higher, when compared with the state which may 
be found in the neighbouring more or less natural stands. 

Natural limitation of aphids by parasites (natural enemies) in agroccnoscs, which 
has developed due to equilibrium position in such communities, is influenced due 
to harvesting practices, irrigation, ploughing, etc., or even by chemical treatment by 
an insecticide which is applied to control another pest. Intentional changes to decrease 
the aphid population occur m ease that the aphid has become a pest: man tries to 
protect the crop in developing aphid control measures (chemical, biological), and 
then integrated control programs have been developed to control pest aphid popula- 
tions present on crops. In an integrated control program, natural limitation of aphids 
by natural enemies (parasites) is the base of the program, being completed by control 
activities. ° 1 

- parasite introduction. Introduction of parasite species from abroad is one of 
the means of aphid control. Natural conditions have to guide us both in selection and 
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the number of species introduced. As the limitation of apliids by parasites (natural 
enemies) is made by a number of species, a similar state must be developed in the 
control area. A greater number of established parasites (natural enemies) contributes 
to the stability of the environment. As it is obvious from the development of popula- 
tions of introduced pest species, every community tries to limit the population 
increase of a new immigrant; however, it succeeds to a various degree, the latter 
being especially true for the agrocenoses, thus, we may help such a community in 
artificially adding the agents that are temporarily lacking in the community, and in 
this way help to develop at least a partial “natural” limitation through control 
activities. 
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CHAPTER XI 


Biological Control of Aphids 


principles, TERMINOLOGY and trlnds. Biological control means a direct or indirect 
manipulation by man of living natural organisms on pest organisms, in deliberate 
attempts to reduce populations of the latter to such levels that economic damage is 
eliminated or significantly reduced (see: borne 1962). 

In this respect, we follow franz’s (1962) terminology, separating the natural state 
which occurs in the environments without man's purposeful action, i.c. natural 
limitation (or regulation), from the purposeful manipulation of organisms in an 
environment by man, i.c. biological control. 

Biological control of insect pests by biotic agents is known to have a long history, 
during which various trends have developed and been followed. From another po* nt 
of view, we recognize the empirical and scientific approach to the problem. TTus 
approach, however, although recognizable in dependence on the history too, has 
been known to depend on the state of other branches of entomology, namely of a 
basic research trend, which may cause the biological control work to start on an 
empirical basis although the true biological control work should be really scientific 
This state is due to unequal and urn) nehromzed development of the basic and applied 
research. Even at the present day we also can find a ease, when a pest is introduced 
into a country and a search for natural enemies in its native country is then under- 
taken to translocate the enemies into the country of pest introduction. Although this 
activity may be based on a well based scientific program, we can recognize when 
searching for the enemies, that there arc no records on the parasites know n, or onl) 
poor ones; the taxonomical value of the species is unknown, not to mention the 
biological data; thus, we have to introduce a complex of natural enemies on which 
we have no basical data — although today’s praxis is based on postintroduction studies, 
there is no doubt that general distribution, habitat distribution, host range, etc. in 
separate parasites should be known This state, naturally, can make the biological 
control praxis rather empirical at the initial stages of research, although its further 
development is really scientific. We could perhaps mention here a well known ease 
of biological control, the control of Thcrioaphis trifoln in California, and the develop- 
ment of our knowledge of us parasites, starting from their identification. 

Three main approaches are usually distinguished in biological control: (l) Perma- 
nent control, (2) temporary control. (2) intensification of existing control (beihnL* 
1962). 

The aim of permanent control is to develop purposefully a perpetual control of 
the pest in a given country This is the most common trend in biological control. 
The purpose of this trend is obvious if there is a pest, either indigenous or introduced, 
m a given country, man tries to use biouc agents to keep it under control, and, 
naturally, such an activity is the best if it results in a more or less perpetual state 



useful for man. Aphid parasites have also been mostly used for such a purpose. 
Aphids, both indigenous or introduced species, cannot be eliminated in a given 
country as a part of their distribution area, but their numbers arc known often to be 
considerably reduced because of the action of natural enemies in nature, and relation 
of the aphids and their limiting agents is used by man purposefully. 

Temporary control means the application ofbiotic agents with the aim of obtaining 
a temporary result, which is usually required to be rapid in action; perhaps, the 
biotic agents could be classified as “biotic insecticides” in this respect. The aphid 
parasites, just because of their manner of action, do not seem to be useful for such a 
purpose; even the mass-utilization of adult parasites docs not mean that the pest 
will be rapidly controlled as, (i) the parasite development lasts several days before 
the aphid is killed, (2) the parasite population tends to disperse to prevent over- 
population, and (3) even the ecosystem tries to suppress such an artificially developed 
parasite overpopulation state. Moreover, an immense number of parasites would be 
necessary for such a purpose, and this would require a relatively costly process 
connected with mass-rearing, etc. (see: clausen, 1958). 

Intensification of biological control. The third approach means the modification 
of the environment to favour existing natural enemies, whether indigenous or intro- 
duced, at the same time, without favouring the pest (beirne, 1952). The application 
of this trend, aiming principally at the conservation of parasites, seems to be rather 
perspective in aphid parasites. 

There is a principal criterion in biological control as what degree of control can 
be classified as a success, beirne (1962) uses four degrees to evaluate success in bio- 
logical control: (1) perfect success, when the control of the pest is so efficient that it 
reduces the pest population to a level at which the agent can no longer find sufficient 
specimens to attack, and consequently it dies out, thereby enabling the pest popu- 
lation to increase; (2) fully successful attempts, where commercial damage is elimi- 
nated; (3) partiall) successful attempts if the level of the pest is significandy lowered; 
(4) nominally successful attempts if the agent is established but does not increase 
significantly. 

As it is generally known, the nature of a given ecosystem in which a pest aphid 
has to be controlled, influences the degree of success considerably. For example, we 
can expect biological control to be successful m stable environments, while in 
unstable environments, such as annual crops, the parasites (natural enemies) will 
hardly be capable of keeping a pest aphid under successful control. Consequently, 
integration of control measures is necessary. 

aphids AS control objects. stern ct al. (1959) characterized very briefly and 
usefully the increase to pest status of a particular species. 

1. By changing or manipulation of the environment, man has created conditions 
which permit certain species to increase their population densities. 

Aphids are a spectacular example of such pests. Monocultures of crops are known 
to create rather favourable environments for the enormous increase of aphid numbers 
all over the world, from the temperate zone to the tropics. Besides the monoculture 
character of the stand, even such manipulation of the environment by man, such as 
treatments, may be rather favourable for the rapid development of the remnants of 
a treated population as well as for the immigrant populations to reach economic level 
numbers rather quickly due to the adverse influence of the treatment on aphid 
natural enemies. Besides these phenomena, which are more or less man-dependent, 
the aphids are rather dangerous pests because of their migration, either obligatory 
or facultative, as they can either occur perennially in a crop environment (and 
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disperse from there by migration), or they seasonally immigrate and emigrate to a 
crop environment; the last feature is rather difficult with respect to aphid control as 
the sources of the pests arc mostly outside the crop environment, often uncultivated 
or natural stands. Thus, because of the monocultur character of the stand, certain 
features of application of chemicals by man to control the pests and a number of 
features in their biology, aphids can be considered serious economic pests. 

2. Through transportation across geographical barriers while leaving their specific 
predators, parasites and diseases behind. 

We know quite a series of cosmopolitan aphid species which arc simultaneously 
known as cosmopolitan pests, cither polyphagous or being associated with certaui 
crops. It is known that aphids arc often transferred during transportation of vege- 
tables, seedlings, etc., to the whole world; their passive dispersal over great distances 
is also known. Although being sometimes seasonal, their parthcnogcnctic type of 
reproduction allows them to become established in new favourable environments 
very quickly, also in a very sparse initial population. 

Today, we are able to recognize the history of distribution of several such cosmo- 
politan pest aphids. For instance, as the history of Citrus growing over the world is 
relatively well known, we can ascertain the probable date of establishment of Toxop- 
tera aurantii in various parts of its present world-wide distribution area, which covers 
the subtropical and tropical belts, where it was introduced with Citrus introductions, 
while being southcast-asian in origin. 

Even in quite recent periods, we have had the possibility to observe the accidental 
mtroduction and further development of aphid populations in new environments, 
where they reached outbreak numbers rapidly and became serious pests. Thertoaphis 
trifolii, an inhabitant of the Old World, which was accidentally introduced in 1954 
into California and became a serious economic problem, may be mentioned. 

3. Establishment of progressively lower economic threshold. 

This criterion is responsible for keeping the aphids as economic pests in many 
cases in which they were earlier classified as pests of subcconomic significance. 

Aphids are known to occur in the greater part of the environments on the earth. 
For this reason, there is a great number of natural enemies and diseases which attack 
them. 

Thus, if we summarize our knowledge with respect to biological control, it is 
obvious that, on the one hand, the aphids are serious pests of economic crops, on the 
other hand, there is a great number of various natural enemies known over the world. 
Consequently, there is a great possibility to use certain of these biotic agents that can 
influence the aphid numbers in the purposeful control of aphids. There is no doubt 
that the peculiarities in aphid biology cause many difficulties in their biological 
control which would appear to be discouraging, on the other hand, we are at the 
very beginning of this complex research and the successful results reached in control 
of some pests, such as Therioaphis tnfoht or Acyrthosiphon pisum are encouraging. 

iNjimy_ caused by aphids. Aphids rarely cause serious damage to healthy plant 
specimens, attacking and causing injury mostly to less developed individuals. They 
naturally may be found to occur on healthy individuals as well, but they do not 
cause there any apparent injury because of the quality of the plants, and on the 
other hand, in natural communities really heavy outbreaks of aphids arc relatively 
rare. Froni the community point of view, in a similar way as other phytophagous 
insects, aphids may be considered to be partially useful in taking the part in natural 
selection of a part of plant population m natural communities— plants which arc 
attacked may become less successful m interspecific and intraspccific competition. 
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As shown above, community balance keeps their population fluctuating around a 
certain equilibrium. 

On the contrary, in cultivated environments, owing to a number of reasons such 
as the character of monoculture, stability of stands, etc., aphids often find an occasion 
to reach outbreak numbers and cause heavy injury to crops grown by man. 

- ki nds of damag e. There arc several kinds of damage in which an apliid may 
causeinjuty to tlw attacked plant. We have summarized the injury caused by various 
aphids into several categories, but several kinds of injury can occur simultaneously. 

1 . Sucking of aphids affects the attacked plant in two ways : on the one hand, there 
is a general weakening of the plant. This may be observed as a general weakening, 
inability to reach maturity, reduction of vitality, discarding of blossom and fruit, 
reduction of size and quality of fruit, worse photosynthesis, poor ripening of wood 
(may easily become frozen). On the other hand, apliid sucking stimulates the plant 
tissues in a peculiar way, which results in a change of colour, dwarfing of stems and 
leaves and development of galls. 

2. Honey-dew, when produced in greater quantities, covers the leaves and causes 
difficulties in respiration and assimilation. Moreover, it represents a favourable me- 
dium for various saprophytic moulds. On the other hand, honey-dew represents a 
source of food for adults of many beneficial insects that attack the phytophagous 
organisms which infest the given plant or other plants in a given community. 

3. Aphids are known to be capable of transmitting a great number of viruses of 
plant diseases. 

- criteria. Injury caused to crops by aphids can be classified from tliree viewpoints: 

1. Season and length of occurrence period. It is important for how long and in 
what part of the season the injury has been caused by the aphids. .Even the same kind 
of injury caused by different pests may be different because of different lengths and 
periods of the season. For instance, in C. Europe, as mentioned by wiidbotz (1966), 
the most abundant of all migrating apple aphids is Rhopalosiplmm inserlum. As this 
species leaves the apple tree for the summer host already after blooming, and it does 
110 damage to the fruit, its economic importance is slight. Far more dangerous is 
Dysaphis plantaginea which occurs only in small numbers in spring, but which stays 
until mid-summer on the apple tree, increasing to considerable numbers under 
favourable conditions and causing fruit damage. 

2. Relation of the injury to plant. Injury caused by aphids may be restricted to one 
season, or the results may occur for the whole life of the infested plant. Age of the 
plant and kind of injury play a role. Virus disease transmission affects the plant for 
the remainder of its life, both in annual and perennial crops. Leaf-curling, fall of 
blossoms, honey-dew cover on leaves, all this is restricted to one season and only 
partially influences the overwintering or plant quality 111 the next season; however, 
this is true for the older trees, while deformation of seedlings due to aphid infestation 
may have an adverse effect on the infested plant for the rest of its life. For example, 
Aphis point occurs perennially on apple trees, causing leaf-curling. However, while 
its significance is lower in older trees where it is restricted to young shoots, its infes- 
tation of the nursery trees often results in heavy deformation of the whole top of the 
infested plant. Similarly, Aphis spiraeeola causes heavy deformation in younger or 
nursery trees of Citrus, while its occurrence on older trees is less dangerous. 

3. Relation of the injury to harvest. The point of view of the harvest, the quality 
of the harvested part of the crop as well as of harvesting practices is usually taken 
first into consideration as it is practically an immediate result of aphid caused injury. 
Besides weakening of plants, difficulties may be caused during the harvest due to 
accumulation of honey-dew covered plants (alfalfa). Similarly, besides the decrease 
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of production of the trees in orchards due to a worse assimilation, fall of blossom 
and fruit, etc., the fruit can be deformed due to aphid sucking or covered by mouldy 
honeydew and not suitable for the market. Such eases arc rather numerous. 

laboratory. The equipment and organization of inscctariums have been widely 
mentioned, described and discussed by fisher & finneYj (1964). Generally, each 
mscctarium is deeply influenced by the objects which arc dealt with, only some 
general rules and facilities, widely reported by the quoted authors, have similar 
features. The inscctanum facilities and equipment arc naturally influenced by finan- 
cial costs. It is not our intention to deal here with the general classification of 
insectariums. We decided, mainly as a result of our own experience, and to a lesser 
degree as a summary of visits of some inscctariums abroad, to present here a scheme 
of insectary work with aphid parasites for the purpose of a biological control 
program. Mass- rearing procedures, etc., arc dealt with in a separate part in further 
detail. 

A temperate climate zone seems to be the most suitable for the location of a 
biological laboratory (insectary) complex. A temperate environment is better than 
subtropical and tropical areas, where climatic influences need expensive facilities for 
cooling, this latter being necessary only during a part of the summer months in a 
temperate area. 

The best situation for a biological control laboratory is generally said to be away 
from the immediate vicinity of cultivated (agriculture) areas because of possible 
influencing of insecticidal treatments used in the fields, in addition to preventing 
accidental inter-contamination of the cultivated areas by pests and parasites. On the 
contrary, the location of an insectary in a place where urban or industrial atmo- 
spheric contamination is a problem, should be avoided too (fisher & finney, 1964)* 
Therefore, in a temperate zone, a biological control laboratory area should be 
located in smaller towns or villages, at a certain distance from large towns, where, 
nevertheless, there arc good transport facilities. 

As is obvious from the following, we classify a biological control laboratory as a 
complex of units, which should be assembled together at one place. 

- Office laboratory. This is the very room where research workers do their work- 
in this laboratory, microscope, photography and other technical equipment is 
deposited. Card indexes include records on host and parasite as well as records on 
their introduction, laboratory stocks, etc. A small library containing the basic text- 
books on biological control, host and parasite biologies, is recommended, being 
completed by a comprehensive collection of papers on individual problems. In tlus 
laboratory, too, a collection of mounted parasites is deposited, partly because of the 
work of the scientist on the group as a whole, partly due to deposition of mounted 
representatives of various laboratory stocks for further reference. As to furniture, 
several laboratory tables, chairs and cupboards arc necessary in order to distribute all 
the above mentioned equipment m a useful order. 

— Quarantine laboratory. A quarantine laboratory, with respect to apluds and their 
parasites, 11 usually best situated as a part of the biological control laboratory. It* 
bauc function, as defined by usher (1964). is to provide facilities which will permit 
the handling of imported material in a manner that precludes the escape of potcnuall)' 
dangerous organisms 

Muiunatiy, a quarantine laboratory should consist of two separate rooms: the first 
room is an anteroom, where a source of light is situated as a trap for possible insect 
escapes. Special coat* should be worn by the workers and used in tliis laboratory 
cxc umcly, decontamination being necessary in ease tliat research workers leave the 



laboratory. In this room, the quarantine activity begins. A double-spaced window 
(with lights fixed in the inside window), or a strong electric light with a pane of 
glass placed in front, represent the source of a one-sided light. Otherwise the equip- 
ment is the same as in the biological control laboratory unit, except that the quantity 
of tubes, cages, etc., necessary for the propagation is more numerous; the latter, 
too, not being used except in contact with the introduced material. According to 
fisher {1964) minimum plumbing facilities should include a sink equipped with hot 
and cold water. Desirable additional facilities arc distilled water, gas, air vacuum, 
air pressure, and carbondioxide gas in both the anteroom and quarantine room. If 
possible, a toilet and washroom containing light traps should be provided for the 
use of the quarantine pcrsoncl only. A small autoclave is recommended in the 
quarantine laboratory for sterilization of received material. After the received ship- 
ment is selected, all unnecessary material such as cartons, boxes, etc., should be placed 
in a large plastic bag, carefully closed and later burned. 

- Laboratory rearing rooms. It is a principle to have for each host and parasite a 
separate rearing room. This prevents an accidental inoculation of host rearings by 
parasites, of mixed colonics of hosts, etc. However, even here we have various light 
traps to catch accidental escapees. Such rooms must have automatically controlled 
temperature, relative humidity and light conditions. Air circulation is necessary. It 
is recommended to change temperature and humidity conditions between certain 
limits, which arc regulated according to host and parasite temperature requirements. 
-Controlled temperature room. In this room, all the equipment for the rearing of 
material under strictly controlled conditions is placed together. Thus, we put there 
a series of incubators, in each of which we have a certain temperature environment. 
Refrigerators arc also placed in here: one refrigerator, a large one, has to preserve 
relatively higher temperatures (-f io- +i4°C) for the storage of reared material, 
another one serves for experiments with a low temperature influence on parasite 
survival, etc. Because of cooling possibilities, it is advantageous to acquire such a 
room in a cellar or at least on the first floor, a northern position being the most 
suitable because of relatively less trouble due to high temperatures during the summer 
months. 

- Technical equipment room. Biological control work requires a number of different 
facilities. Many of them are not needed immediately, but must be at hand when 
necessary otherwise it could take a certain time to acquire them and possible un- 
wanted changes in the program would follow as a result when they arc obtained and 
carried from out of doors. It is important to have such equipment and it must be 
deposited somewhere. A technical equipment room is such a place. Rearing cages, 
nylon textures, various containers for parasite transport, release, plant rearings, etc., 
all represent the equipment which is deposited in the technical room. 

Other necessities, such as washroom, closet, etc., are not mentioned here. 

- Specialized research equipment. Specialized research equipment of proved value for 
determining biological potentials is the biockmatic cabinet, where various factors 
(light, rcl. humidity, temperature) can be automatically controlled (for a detailed 
description see: fisher & finney, 1964). 

- Heated greenhouse. During certain periods of the season a heated greenhouse 
represents a rather useful place, although it can be m function perennially as well. The 
heating in a greenhouse makes it a rather valuable environment during the winter 
months, including the late autumn and early spring: during this period, we have no 
possibility of growing the aphid host plants m the open because of frost and snow. 
Further there is no danger of accidental introduction of various out of doors insects 
to the greenhouse, winch together with high summer temperatures, decreases the 
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value of a greenhouse during the summer months. In the winter months, a heated 
greenhouse can be useful, not only for the growing of plants necessary in laboratory 
rooms, but in the direct rearing of host aphids and parasites. This is advantageous 
when masses of material have to be produced. 

A heated greenhouse, the same as laboratory rooms, is recommended to be divided 
into several boxes at least which permit the separation of material such as culture of 
host plants, host aphids and parsites. However, it is obvious that greenhouse con- 
ditions — due to conditions of temperature — must be only general as we shall have 
no possibility of controlling the conditions in the separate boxes. Thus, different 
species reared will find the same environments to be suitable to a various degree: 
Acyrthosiphon ptstmt, for example, prefers lower temperatures, while Aphis craccivora 
reproduces better under higher temperatures. Even if wc have an anteroom in a 
greenhouse and all the boxes arc well separated, greenhouse conditions enable acci- 


dental introductions of the reared material to a higher degree; therefore it is rccom- 
mcndablc to select the material which is planned to be reared in a greenhouse, to 
prevent the development such mixed cultures. For example, wc have found it 
almost impossible to rear Acyrthosiphon pisum and Aphis craccivora in the same green- 
house, as they were both reared on the same species of Leguminous plants and 
A. craccivora dispersed readily to other boxes. Mixed colonics of aphis were rather 
unfavourable, as both the species were differently successful in competition depending 
on temperature; although their parasites were specialized, the changes in host popu- 
lations were highly undesirable. On the contrary, the rearing of aphids such as 
Hyalopterus prtmi on the common reed, Phragmitcs communis, and Acyrthosiphon 
pisum on alfalfa, and their associated parasites, did not bring about such trouble. 

In a heated greenhouse, besides the controlled temperature within certain limits, 
the control of light period, light intensity, watering and air circulation is necessary. 

finney & fisher (1964) classified greenhouse facilities to be necessary for the 
culturing of the host plants, but, in general, it is believed that a greenhouse docs not 
provide an ideal environment for the mass-culture of entomophagous insects because 
of factors which arc largely beyond the control of the inscctary operator: light and 
relative humidity conditions cannot be economically standardized; contaminant 
species of phytophagous insects will invade the plants, and predators and secondary 
parsites cannot be excluded. Wc fully agree with these statements, although wc be- 
lieve that most of them can be excluded during the late autumn-early spring period 
and thus make greenhouses useful environments during certain parts of the season. 

- Son-hcateJ greenhouses. A non-hcatcd greenhouse can be advantageous in early 
spring and the spring period for the growing of plants, and even for host and 
parasite mass-producuon. Accidental introduction of secondary parasite and aphid 
predators is common, but when the reared material is planned to be released during 
spring, the undesirable natural enemies usually do not reproduce too much. 

Later in the season, when temperature conditions become too iugh and unfa- 
vourable, wc remove the glass from a part of the windows and replace it with nylon 
texture. Then if air circulation is controlled, such an adapted greenhouse can serve 
as a large scmificld rearing cage 

- Z.s/x-mw«rj/ plats. A smaller plot in the open must be selected in the neighbour- 
hood ol the biological control laboratory. Here wc grow the host plants and make 
experiments with the host and parasite material under semi-field conditions. In this 
F ot, too. we can construct large nylon cages and rear the host and parasite popo- 
ationttn t ic open and observe the development of the populations during the whole 
year, winter survival of introduced parasites and the coincidence of host and parasite 
appearance can easily be observed just tn such conditions. 
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Program 

ecosystem. The research of the ecosystem to which a given aphid pest belongs is 
of basic importance for biological control work. The relations winch occur in the 
given environment enable the given aphid species to reach certain levels and become 
a pest. To recognize such relations enables us to manipulate the given environment 
purposefully, with the aim of keeping the pest aphid population number below 
certain levels which are determined by the degree of injury it causes to certain plants. 

Biological control work deals with the biotic agents of ecosystems, which, natu- 
rally, cannot be separated from the whole complex of the ecosystem. The environ- 
ment is known to influence the role of natural enemies (parasites) to a high degree. 

Most biological control objects, the pest aphids, occur in agro-ecosystems, which 
are associated with cultivated crops. Agtoccnoses arc known to have peculiar features 
in which they differ from the natural stands. Stability of the system in which bio- 
logical control has to be applied is one of the basic research problems. Similarly, as 
in other research trends, a given ecosystem in which biological control should be 
applied, cannot be separated from the neighbouring ecosystems because of many 
interrelations. 

host pi. ant. Two viewpoints are used when we classify the host plants. First] 
field information is necessary suggesting whether the plant is an annual or perennia 
crop, whether it represents suffvcicnt*shelter for parasites, further, the growth phase*: 
of the plant and coincidence of the pest as well as the influence of the pest on the 
plant. Second, the host plant is evaluated for eventual growing under laboratory 
conditions, whether it is available and useful as a host plant for rearing the pest in 
the laboratory, what kind of substrate it requires, etc. 

pest aphid, i. Taxonomical classification of the aphid is important. Some specie s 
are taxonomically rather different from the indigenous fauna, others may be closely 
related. There may be even taxonomical vicariants. Phylogenetic age of the group 
to which the given species belongs is also important. It is well known that phy- 
logenetically older species often exhibit a more specialized parasite fauna than the 
younger species: for example, if there is a callaphidid pest aphid, it is obvious that its 
parasites will be mostly strictly specialized, while in case of an aphidine pest the 
parasite fauna may be widely specialized. 

2. It is necessary to know the origin and history of distribution of the pest species. 
This helps, on the one hand, to understand its pest status, on the other hand, this is 
necessary for the search of natural enemies over the world. On the basis of such 
information we are able to predict how an introduced pest will probably behave m 
a new environment, as similar cases may be known from other parts of ns distribution 
area. The data on the origin and distribution of the pest further enable us to classify 
whether the pest is indigenous or an introduced species with respect to the given 
country. Furthermore, in a newly introduced pest, the records on its occurrence and 
host range over the world enable us to predict what host selection and occurrence in 
habitats will probably develop in the newly introduced pest, as climatic conditions 
through the occurrence of various communities influence an aphid pest considerably. 
For example, To.voptcra auraufu which is today a cosmopolitan subtropical and 
tropical pest, has its home in southeast Asia, where it attacks a rather wide range of 
host plants. It also docs so in other parts of the tropical belt, in which it was acciden- 
tally introduced (Cuba, etc.). However, in the subtropics, such as in the subtropical 
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U.S.A., or in the Mediterranean area (S. Italy, Israel, Black Sea coast, etc.) or in 
S. America, its host range is restricted so that perhaps it attacks only Citrus, Thca 
and Camellia; all these plants arc either crops or ornamentals and this restricts also 
their occurrence to various habitats to a considerably degree. Thus, it is obvious that 
the control of this pest in the subtropics could be much easier as it is restricted to 
several plants and habitats, while m the tropics it becomes a common member of 
various (forest-type) tropical communities and its control would be much more 
difficult, as the sources of the pest remain continuously in a number of habitats. 
Similarly, as another example, it was expected soon after the introduction of Therio- 
aphis tnjolti into California that it would spread rather rapidly and in a wide area, 
and it did so, because of favourable environmental conditions (climate, host plant, 
irrigated lands, etc.). 

The origin of the pest is also rather important for the evaluation of the possibilities 
of its control in a new country. As mentioned by bartlett & v. d. bosch (1964), 
pest-immigrants arc for the time being the more common projects for success than 
arc the indigenous pest species; although some native species have been controlled 
by purposefully introduced natural enemies in past campaigns, the number of such 
eases is low when compared with the control of immigrants ; this is true for the 
obvious reason tlut native pests arc usually already attacked by a complex of natural 
enemies which have evolved with them. Although this aspect is generally true, we 
should, however, take into consideration tlut the character of the stand (agroccnosc) 
may be helpful because of the existence of gaps in the limitation of the native pest by 
native enemies, and an introduced natural enemy could cover these gaps. Never- 
theless, it is also true that very few attempts or even successes of this kind arc known. 
Furthermore, a pest may be primarily an introduced species, but its introduction 
may be of an old date so tlut it has become a common member of many indigenous 
environments, and indigenous natural enemies have adapted to attack it; Toxoptera 
auranttt m various parts of its distribution area could be mentioned as an example, 
moreover, the adaptation of indigenous natural enemies to a new pest is also rather 
important for selection and introduction of parasite species. 

3. Field information on a pest aphid in a given country, which must be connected 
at least with general literary information, must include the life-history of the aphid, 
its seasonal occurrence, the habitats in which it occurs and the host plants attacked. 
This knowledge enables the classification of sources in which the aphid occurs during 
the season and from which it spreads to other areas; the relation of wild or semi- 
cultivated environments to the cultivated areas is rather important from this respect. 

4. Laboratory information on the species must be obtained with respect to the pest 
and with respect to its rearing. The information on the pest aphid must include at 
least the main biological data on the rate of development, fecundity, etc., while 
information on rearing conditions, such as regulation or par tlicnogcnc tie cycle, labo- 
ratory host plants, requirements on physical environment, etc., arc important for 
successful continuous rcanng 

5. The principle kinds of injury caused by the pest to the crops must be known as 
tlicy can influence the methods of control considerably. It is necessary to know in 
what part of the season, in which habitats it occurs, and wlut kind of injury’ » 
caused to the crops. The significance of parasites as possible control agents is known 
to be duFerenr thes mosilv come into action after, for example, Icaf-cuthng and 
galls fuse developed. while tlietr role mas be different with respect to plant weak- 
ening bs aphids, sumlarU as it is different in ease tlut the pest causes injury main!) 

a vector of plant virus diseases 

*. Control problems. Tlic classification of the ecosystem and of the pest allow us 



to acquire general information about the position of the pest in a given country and 
general problems arising with regard to its control. This is rather helpful for further 
work on natural enemies as well as in an integrated control trend. 

indicenous parasites, i. Specific composition of the parasites that attack either 
an indigenous or introduced pest in a given country may be relatively easily recog- 
nized by collecting and rearing of aphid colonics, the samples being taken throughout 
the season in all the different habitats in which the pest occurs. Qualitative analysis 
of this type is known to be a relatively long-termed question when having to be 
detailed, while a general idea about the parasites may be obtained in a relatively short 
period if the research is undertaken methodically. It is obvious that good taxonomic 
elaboration, where such information is obtainable, is rather useful for biological 
control purposes. 

2. After the specific composition of parasites is known, their general distribution 
must be recognized. Knowledge of die whole distribution area and occurrence in 
various habitats is useful for classification of the relation of the pest and indigenous 
parasites and eventual further search for better adapted races and strains for intraarcal 
introduction. 

3. Field information on separate species. It takes a considerable amount of time to 
acquire detailed field information on the separate species: the best may be obtained 
by complex research of the group, when all the aphids and all the parasites arc 
collected in different habitats and in different seasons of the year. We can, however, 
obtain better information on separate species only with difficulties when starting 
research with the parasite species and endeavour to find their hosts in various 
environments. Complex faunistic elaboration of separate countries or areas is rather 
useful; in case of their lack, at least records from neighbouring countries can be used 
for general information. Field information on the indigenous species should include 
the occurrence in separate habitats, host range, foci xn nature, seasonal occurrence 
and field records on the effectiveness of the parasite (at least general observation on 
the occurrence of mummified aphids, etc.). Because of the knowledge of the pest 
origin and distribution area of the parasite we can derive whether the parasites are 
truly indigenous with respect to the pest or whether they have adapted only second- 
arily to the pest; the latter is important just in pests that have been introduced in 
earlier times and have seemingly become native inhabitants of various environments 
in a given country. 

4. In the laboratory, we rear the separate species that w ere preliminarily found to 
be significant in natural limitation of the pest in a given kind of habitat, the maui 
aim being to recognize their requirements on the physical environment, host and 
parasite relations, and laboratory effectiveness. 

5 • The comparison of both field and laboratory information enables us to evaluate, 
at least m general features, the role of indigenous parasites in the limitation of the 
pest in various habitats during different parts of the season. In case that general 
records on the action of other natural enemies arc obtainable, this may show the 
reasons why the natural limitation is ineffective or poorly effective or why certain 
gaps in natural enemy action occur during the season. On this basis, biological 
control activities are undertaken. 

6. Biological control 

(a) Intraareal introduction. When the action of indigenous parasites is low, we 
try to recognize the nature of this phenomenon. Besides the environmental influ- 
ences, this may have an intrinsic nature as the parasite may be found poorly adapted 
to the host or to a part of the climatic area. Thus, it could be advantageous to 



introduce climatically better adapted strains from other parts of the distribution area 
U.S.A., or in the Mediterranean area (s. Italy, Israel, Black Sea coast, etc.) or in 
or such strains, which arc better adapted to the pest. For instance, Aphis spiraecola, 
which has become a pest because it spread to the southern areas of the U.S.A., the 
West Indies and the north of S. America, is attacked by an indigenous strain of Lysi- 
phlebus teslaceipes in California; this strain, however, is unable to complete its devel- 
opment when attacking the aphid, while a stram that occurs in the West Indies 
attacks the aphid successfully: it is obvious that intraarcal introduction of the West 
Indian strain into California could be useful. 

(b) Development of adapted strains, selective breeding. In ease that there arc no 
better adapted strains in the natural sources, there is a possibility of trying to obtain 
such strains first in the laboratory through selective breeding. 

(c) Inoculative release. Inoculative release in the aphidiids was generally under- 
taken in the following two ways: on the one hand, material of parasites was trans- 
ferred to the crop field and caged there m agreement with the confined release 
method, the cages were later removed and the parasites allowed to disperse and 
attack the aphid. This method, which was used, for example, by ARTHUR (l945) * n 
control of aphids on cereals, means the inoculation of crop fields by parasites during 
early stages of pest occurrence, prior to their natural dispersal. Although good results 
(high degree of parasmzation) were mentioned in the literature, the method seems to 
be restricted to experimental plots as the artificial dispersal and caging of the parasites 
is perhaps too laborious. 

On the other hand, mummified aphids were mass-collected in the southern areas 
and transferred to the northern areas, where parasites emerged and occurred prior to 
their natural occurrence in the field. This method was used by hunter & gienn 
1909) in applying Lysiphlebus tcstaccipes in control of Schizaphis graininuin and in 
Lysaplndus plalnnis (see millan 1965)* In general, this method tries to establish the 
parasites in aphid infested fields at an earlier period than they would disperse and 
occur in the fields under natural conditions. 

(d) Periodic colonization. This means rc-colonization of natural enemies following 
the adverse periods, so that a satisfactory balance between the host and natural 
enemy could be rapidly re-established (debach 1964). This method docs not seem to 
be practically applied in the aphidiids, although there arc various projects of how to 
control the aphids by parasites in this way. In many eases, it is well known that the 
aphid and parasite population may become disjunctcd during certain periods of the 
season (early spring, temperate zone) and it takes considerable time before the 
parasites arc able to disperse from the focal points to limit them. Pcrliaps periodical 
colonization could be perspective in such eases. 

(c) Cliangcs in seasonal occurrence due to application of pol>cth)lcnc plastic 
cosers. We deal with this method m detail below as it was used primarily as a release 
method of imported parasites. Moreover, the results obtained allow us to consider 
lliat the application of polycrh>Icnc plastic covers could be advantageous: in early 
spring, the present populations of parasites (perennial crops) would develop and 
occur earlier m the field through the use of the covers and this might influence the 
development of aphid populations m the neighbourhood after these covers would be 
rC f'n Sm? 3 PP* u:anon pla»»c pol>cth>lcnc covers could be perhaps useful. 

(f) Protection of foci, alternative hosts. Supplementary food is known to be 
important for a number of natural enemies of various insects. Thu has lead several 
authors u» the research and experiments with grossing various flowering plants (w 
torext proteins c belts, etc.. uu.Mait.Nro 1949 . etc.) to increase the concentration of 
tutura enemies in such places anJ thus support their conservation and further 



dispersal to cultivated surroundings. The aphidiids could be perhaps added (sec: 
integrated control chapter) to such a program as alternative hosts of such species 
could occur m such stands being important for parasite conservation: generally, 
alternative hosts arc known to damp oscillations in natural enemy and host densities, 
maintaining functional natural enemy populations during low density of preferred 
hosts, provide suitable overwintering hosts, facilitate maximum natural enemy dis- 
tribution and reduce intraspecific competition (v. d. boscii & telford 1964). 

The role of alternative hosts is also important for the improvement of pest natural 
enemy synchronization. This is rather important in aphids, which are often known 
to be only seasonal pests, immigrating and again emigrating from certain stands in 
the course of the season. It is obvious that the presence of parasites in such habitats 
when they attack the alternative hosts, could be somewhat useful. Flanders (1949) 
suggested the planting of oleander in the proximity of citrus trees because of the 
conservation of alternative hosts of some parasites of citrus scales. We have proposed 
a similar manipulation of the environment with respect to the control of Citrus 
aphids in Italy (star* 1964) as well as in Cuba (stary 1968). 

Indigenous parasite action is often influenced considerably by agricultural prac- 
tices, treatments, etc. These influences are dealt with in the chapter on integrated 
control. 

importation of foreign parasites. At the first phase of parasite importation wc 
summarize the data on the parasites of a given pest aphid species that were recognized 
to attack the pest in various parts of its distribution area. It is useful to elaborate 
general tables (see: distribution chapter) in which the list of parasites as well as the 
areas in which they are known to attack the given host are given. Further, as far as 
possible, the distribution of the parasites and their host range and, if any, further 
data on the biology are classified on the basis of literary records. 

On the basis of the world species classification, which is more or less a theoretical 
question, we evaluate the distribution area of the pest and occurrence of parasites in 
various parts of this distribution area. At tbc present state of our knowledge the 
representation of parasites of various pests is rather incomplete, and the records are 
more numerous only in better known areas. Thus, usually we must start the search 
and evaluation of the parasites almost front the beginning. According to our studies, 
whose results are dealt with in the distribution chapter of this book, the search for 
parasites should he started with the evaluation of pest distribution with respect to 
separate floristic zones, as the parasites are dependent in their distribution on these 
zones and associated aphid fauna. It is necessary to know, at least generally, the area 
of the home of the pest, which is kept as the basis for further research. In case that 
the aphid is attacked by any aphidiid parasites, it will almost surely be attacked by 
some species in the area of its origin. Therefore, the parasites that attack the aphid in 
its home are one possible source of parasites where these should be searched for. 
This is also the commonly accepted praxis. But this source is not the only source of 
parasites. The aphids often spread over considerable distances either naturall) or 
through man’s action (accidental introduction) and they consequently occur in a 
number of other floristic zones, i.e. in other environments besides their original 
home. The classification of the distnbunon area of the aphid m accordance with 
separate floristic zones and associated faunistic complexes of parasites allows us to 
derive the districts in which the aphid is actually (literary records) or is expected to 
be attacked by members of the corresponding faunistic complexes; it is well known 
that the members of these complexes can he considerably effective m the limitation 
of the immigrating aphid species (e.g. Lysipfile&iis testaceipcs and Toxopsera aiiranfii in 
Cuba). Thus, areas of separate faunistic complexes in which the aphid occurs repre- 
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Fig. 3°9* Ilyatoptewt prum oil I’runus domestics, outbreak. Czechoslovakia. Above, 
damage caused to leaves. Below: damage caused to young fruits. 


sent another source where the parasites should be searched for as well. Parasites 
associated with aphid species which arc related taxonomically or ecologically (vi" 
canants, etc.) to the given pest should also be searched for, as they could be useful in 
control, too. 

We have mentioned the general principles of collecting the parasites in the intro- 
ductory chapter. In every case, a general knowledge is necessary and a less experience!! 
collector should seek advice at corresponding instances, together with advice on 
mctlwdi, collecting equipment, preservation and shipment of the collected materia « 
Usually, we collect parasites attacking a certain aphid which is the object ofcontro 
m another country, the given species then bang the leading object. However# " c 
try to recognize the hosts of the parasites by collecting some other aphids and w< 
collect also other parasites whose host specificity range could be useful. The sample* 
are taken m all the environments, both in wild and cultivated ones, in which the 
aphid i>ccur» m the studied area and, as far as possible, throughout the whole scason- 
For introduction purposes, it seems preferable to collect aphid colonics tlut arc 
seemingly not parasitized or include a relatively low number of mummified aphw* 
and to rear them m the laboratory , while the presence of almost single aphid mum- 
mies mostly means that the apluds had emigrated from the colony and at this period 
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fig. 310 Natural limitation of Hyahptcrus pruni on leaves of Prunus persica by in- 
digenous parasites. Italy. Above: l*raon volucre and Ephcdrus pi aviator. Below: Aphidius 
traiiscaspicus. 


a great part of the mummies is usually hyperparasitizcd (figs. 309, 310). Photographs 
of the habitats, aphid and parasite microenvironment, general and detailed picture* 
of aphid colonies, are a rather valuable complement to the information of the collector 
and may be rather useful during the release in the country of introduction. 

According to bartlett & v. d. bosch (1964), in a foreign country the search for 2 
pest and its natural enemies need not be conducted upon native vegetation in relative!* 
inaccessible areas, as experience has shown that botanical gardens, parks, experimental 
plantings, domestic gardens, national forests, ornamental vegetation alon-» v.^jkv/ - 1 
and roads, and similar accessible planting or non-cultivated vegetation v. ill ' 

support populations of the insect being sought. 


ally 


Our opinion is that the research must be started first on the baa* cfmtv-A — 
ronments because of the following reasons: an indigenous aphid, if it "* 
nauve home or not is primarily connected with natural cnvironrr—' !"* S!t 

primary' as to their development. Consequently, natural cnvirc 

heterogeneity must be the base of search where the aphid on w t j'!lT'* t,>c:r 
assoaated parasites arc found. Only this kind of resrarrt. ^ pW'-s^stisd 

ct} 03 ttw Vi the uve 
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requirements of the pest and parasites and help us to understand its distribution in 
the cultivated districts. As the parasites are primarily connected with certain floristic 
zones in their distribution, these natural zones in which the pest occurs should be 
studied first and research of cultivated lands should follow later. Naturally, there is 
no doubt that it is much easier to search for the host as well as for the parasites in 
the cultivated or scmicultivated environments mentioned above, where a number of 
aphids arc known to be concentrated, but except for the incomplete data on the 
aphid and parasite distribution we should not obtain any observation on true eco- 
logical requirements of the organisms studied. Thus, according to our opinion, the 
first necessity is to obtain some general information on the floristic zones of the 
area, study them methodically to recognize the relations of the organisms studied in 
these communities, and to relate these records to later research in cultivated lands. 

Selection of species for introduction can be undertaken from various points of 
view. Usually, there is a certain restriction of the theoretical requirements through 
the practical possibilities such as obtaining of the material from various areas of the 
world and information on it in its native country. 

It seems that wc are mostly restricted to such records as those about the climatic 
area, habitat and host, while more detailed records seem to be rare. Thus, wc can 
agree with v. D. BOSCH ct al. (1964) in that preselection studies are influenced by 
expensive and time-consuming research of the parasites in their home, while the 
main significance are the post-introduction studies undertaken in the country 01 
introduction. This trend has been successfully followed and it is obvious how com- 
plicated such a research is, even if undertaken in the introduction country, and that 
this would not be possible in various parts of the world where the search for parasites 
1$ undertaken. Naturally, some records on the effectiveness of a species in its native 
country may be rather stimulative, but it is necessary to keep m mind that effec- 
tiveness is only a relative phenomenon, which is greatly influenced by the changeable 
environment, on the other hand, the species which is rare or poorly effective in its 
home can become more effective in new environments. 

Climatic similarity is a general phenomenon according to which the species or 
strains arc selected. North-south introduction or introduction in climatically similar 
belts is recommended, but even here some field records show that the species some- 
times do not behave in the way expected because of their origin. For example, 
parasites of Therioaphii tnfolii, which were introduced into California, become dis- 
tributed in similar environments as in their native country as was predicted prior to 
introduction when the material of parasites was searched for (see: v. D. BOSCH et al., 
1959, 19641 «c.). On the contrary, the records on the distribution of Aphidm Winin' 
in the Ncarctic America, besides the climatically favourable areas in which it was 
expected to establish, show that it has spread considerably northwards and occurs in 
areas wluch would seem to be too cool for a species of Indian origin. 

Another viewpoint on the selection is the number of species to be introduced and 
whether monophagous or widely specialized species arc preferable; further, whether 
we should transfer the natural food chains into new environments or develop a new 
mixture of species, which are introduced from various areas and arc expected to 
develop as a complex in the new environment. This problem is rather complex, but 
the general idea of the approach should be to follow the ideal natural state, where 
the host organism is limited in all the environments in wluch it occurs (multilateral 
limitation), this may be done by one or more species, by a monophagous or widely 
specialized enemy. The natural state of the composition of parasite complexes (and 
other natural cnenuct) of the aphids shows that there is a clear preference for the 
limitation of an aphid by a complex of parasites (natural enemies) which replace each 
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other in action. This state of specific heterogeneity in the composition of parasite 
complexes strongly supports the stability of the ecosystem. 

The above mentioned theoretical approach naturally must be modified in depen- 
dence on the host species and its occurrence in various environments. In selecting the 
species we must keep in mind that both the pest and the introduced enemies will 
never occur in the really same environment as they could do in their native country, 
as mentioned earlier. Besides other factors of the environment, the indigenous 
natural enemies in the country of introduction will take their part in the limitation 
of the pest, so that the introduced natural enemies will naturally become members of 
at least partial artificial food chains. In the control of a pest, our main idea is to control 
the pest both in space and time in the given environment and we may use as many 
biotic agents as necessary to follow this approach. Although we deal with this in a 
separate chapter (multilateral control) it is necessary to stress the basic feature of the 
approach to pest aphid control — in that although a pest is controlled mainly in a 
given crop to be protected from injur)' and to preserve the greatest part of the 
harvest for man, we must not forget that its sources may occur, and mostly do so, 
in other environments, from which they disperse and attack the crop. Thus in 
selection of species, we should select also the species which are expected to attack the 
pest also in other environments as well as in the crop, or m the other environments 
exclusively; this can. happen accidentally when the parasites occur in the same 
environments as the pest, or the control activity of man must cover also this field of 
action. Usually, as the praxis of control of various aphids shows, we are successful in 
controlling the aphid in certain environments or microenvironments, while certain 
gaps occur due to the lack of parasite coincidence in occurrence; this is often due to 
lack of alternative hosts, specific requirements of the parasites on the microenviron- 
ments, etc. To cover these gaps in control, it is possible to introduce better adapted 
parasite species or strains. However, as it will be later shown (integrated control), 
complete biological control, although required, is rare and the existing gaps in pest 
control are compensated by other means (selective insecticide treatments, etc.). 

- shipment. There is no doubt that a laboratory stock, when reared under favour- 
able conditions, is the best to use as a source of shipped material. Large research 
institutes possess various semipermanent laboratories, which permit the rearing of 
collected parasite material in pure cultures before it is sent to the country' of intro- 
duction. These semipermanent laboratories have another still more important signif- 
icance: in many cases, the handling of a parasite is not developed until the material is 
introduced. Such conditions are a risk, as unfavourable conditions may result m the 
elimination of the introduced stock. The possibility of rearing a parasite tinder 
laboratory conditions in the country of its origin allow’s us to establish at least the 
maui requirements of the parasite on the environment and this knowledge is a 
valuable part of the sender’s information which can be used in the country of intro- 
duction. In semipermanent laboratories, too, we are able to obtain another stock 
from nature in case that certain laboratory conditions were unfavourable and a stock 
was eliminated as a result. These advantages are rather obvious so that in every case 
it is recommendable to use this method of work. In the case that there are no semi- 
permanent laboratories, it is mostly advantageous to ask the local authorities and 
temporarily use their rearing laboratories. 

In many cases, however, there is not even this possibility and the field collected 
material must be shipped. It is advisable to collect the material which will include 
mostly mummified aphids because of shipment, in larger quantities, as a certain part 
of the material is usually hyperparasitized and there is a certain mortality' among the 
mummified parasites en route. As mentioned above, we must start the rearing of a 


467 



parasite in quite an original and partially risky way in the country ofintroduction 
in consequence. 

Generally, we ship three kinds of parasite developmental stages: (i) Parasite eggs 
and larvae that occur inside living aphids; (2) last instar larvae, prepupae or pupae of 
parasites that occur inside dead mummified aphids; (3) parasite adults. It is obvious 
that the most disadvantageous is the first kind, as it requires, on the one hand, the 
simultaneous transport of a green plant as a source of food for the shipped (partially) 
parasitized aphids, on the other hand, we ship simultaneously a new stock of the 
pest to the country of introduction. Thus, such material is perhaps useful for con- 
signing very short distances as it allows the plant or its pieces to be fresh, not to 
evaporate and not become rotten; short distance shipping, too, does not always mean 
an eventual introduction of new stock of the pest. The second and third kinds of 
parasite material cannot be strictly separated from each other: we ship mummies 
but usually a certain part of the parasites emerge so that both mummified aphids and 
living parasite adults are received at the place of introduction. The sending o 
mummies is the best method. The developmental stages of parasites inside these 
mummies appear to be most resistant to adverse environmental conditions which 
could occur during shipment as they do not need any food or water cn route, 
however, we must keep in mind that the parasite adults which emerge need at least 
honey as food (see: methods). 

There arc two points of view on the number of specimens sent m a consignment' 
First, it depends on the possibilities of the collector how many parasitized aphids 
he had found and was able to ship in time, whether the material is field-collected or 
laboratory reared, etc. Naturally, the more material sent, the better for the receiver. 
However, even a relatively small shipment may be enough for the establishment of 
a laboratory stock. For example, the original number of Aphidius stnithi shipped 
from India to the New Jersey insectary was 110 mummified aphids, which provided 
17 99 for use in the propagation work, and during the following two years more 
than 74,000 specimens were produced in the inscctanums (angalet a coles, 19^)- 
Similarly, we obtained numerous progeny of Aphidius megourae from the original 
number of about 1 o mummified Megoura viciae wliich were shipped to Czechoslo- 
vakia (stahy 1964 ). 

Secondly, the number of specimens sent in one shipment depends on the purpose 
for which they arc required. A relatively small number of specimens is enough for 
the establishment of a laboratory stock in another research institute, while this 
number must be considerably more numerous in the ease that the material slupped is 
directly to be released on a new site. In any event, we must keep in mind tlut a 
certain mortality occurs among the material during transport (Table tj). 

Although the shipping conditions may be favourable throughout the year, there 
are certain factors that restrict the shipment to certain periods of the season. Because 
of transport velocity, we should avoid periods of heavy traffic (Christmas period, 
etc.). Similarly, extreme temperatures that occur in certain periods of the year in 
some countries should be avoided. Further, there must be some preliminary coopera- 
tion with the receiver to prepare the laboratory conditions, namely to rear the host 
plants and host colonies to establish the introduced material in the quarantine 
laboratory. This work of the recover will take some time and it is not possible in 
certain periods of the season to obtain host plants and host aplud material. All this 
must be planned well in advance. 

Although modem transport is very quick, there arc differences between inter- 
continental distances and distances inside a smaller country. The distance may 
par lull) mduencc transport methods. When the material 11 sent to shorter distances. 



No. of parasites 


Species 

No. of 
shipments 

Shipped 

Survived 

SurvivaJ 

(%) 

A. semiflavus 

7 

1 5,840 

I4.33X 

90.0 

Pr. palitans 

10 

»7,750 


88.5 

Tr, utilis 

24 

I5 ,iS 5 

I3,76S 

90.6 

Total and average 


48.775 

43,810 

89.8 


Table 15- Survival of adult parasites of Thcrioaphis trifolii following shipments to the 
release area near Tempe, Arizona, 1956-1957: Aphehnas semiflartu, Praffl cxohtum 
(= puli tans), Trioxys complanatus (= utilis) (barnes, i960). 

we can even send pieces of green plants infested by parasitized aphids, a small water 
supply being added (see: methods), while this is not possible in long-distance ship- 
ments. 

Shipment methods in biological control are very heterogeneous and ate rather 
influenced by the material itself. In aphid parasites, which exhibit comparatively the 
same biological features, they arc relatively very easy, however, even here we must 
accomplish certain requirements as to the parasite survival during shipping, quaran- 
tine procedures, etc. 

A shipment container may be subdivided into three layers: the first layer is the 
external container, then an inter-layer follows, which is placed around the inner 
container. 

External shipment container. It should not be heavy, it must be strong ut construc- 
tion to prevent damage to the inner container during shipment, it must prevent the 
eventual escape of the living material, and it must at least partial!)’ prevent the 
influence of changes in temperature of the external environment affecting the 
shipped material. Light metallic or compressed paper or plastic containers seem to 
be the most suitable. They may be even combined: a light metafile or paper container 
is useful in preventing damage, while certain plastic materials keep a relatively 
constant temperature inside (see: release). These external containers bear the address 
labels of the sender and receiver as well as printed caution labels. (Figs. 3 1 1-3 12). 

Cloth sacks. These resemble an envelope in which the inner container is trans- 
ported. They prevent the strong movements of the inner container during transport, 
but their main function is to prevent the eventual escape of the shipped material from 
the inner container (Fig. 311). 

Inner shipment container. It contains the shipped parasite material. Its dimensions 
arc somewhat different depending on the stage of the material shipped. Mummified 
aphids may be sent in small boxes, in which there is mesh netting to prevent move- 
ments and possible injury to mummies. We put some small droplets of honey on the 
walls of the box as food for parasite adults that may emerge during the transport 
(Fig. 311). Adults of parasites arc sent in large paper containers the inside of which 
Contains wood wool to provide resting sues for the adults; droplets or strips of honey 
are on the walls of the container as a supply of adult food (Fig. 3 1 1). 

We have found somewhat modified plastic bottles to be rather useful for the 
shipping of parasite material over shorter distances: the inner portion of the cork is 
cut and a piece of nj Ion texture is placed there instead, then a small vial containing 
honey or honey-water is closed by a piece of cotton wool and over die whole cork 
another lajer of nylon texture is placed and tied with rubber; a cloth sack may not 
be necessary then. 
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Fig. 31 1. A - container, 13 - small plastic box with a net inside to prevent the extreme 
movements of mummified aphids sent, C - 2 small bags, which have to prevent the 
eventual escape of insects. University of California, Riverside. Used for sending 
Aphldius smith i mummies. 

Fig. 312. Container used for sending aphid mummies and adult parasites. University 
of California, Riverside. 

The Sender must first send an advisory note to the Receiver about the material 
prior to shipment to allow him to prepare the laboratory rcarmgs and inform the 
quarantine officers. Then, a brief report is added to these shipped materials (data about 
shipment and packaging, host insect, parasite species, host plant, collection locality 
and date, name of the collector) while more detailed data on host specificity, etc., 
which arc important for later phases of biological control program, arc sent under 
separate cover, if necessary. 

The Receiver must arrange with the quarantine authorities, air-line and post 
officials to be immediately informed of the arrival of the shipped material. The 
receipt of the material must naturally be planned in accordance with the Senders 
suggestion so that the corresponding equipment in the quarantine and biological 
control laboratory is prepared. Sufficient rearing stocks of host aphids on suitable 
plants arc the main task. If several stocks of the parasites arc sent, they must be 
selected dunng and after the quarantine state of research. After the material is 
transferred to the quarantine laboratory and eventually reared for several days to 
allow the parasite to oviposit, etc., the Receiver sends his report to the Sender (date 
of receive, condition of the shipment, etc.). 

- quarantine laboratory. Quarantine handling of entomophagous species that 
arc imported into a given country should be so organized as to prevent simultaneous 
introduction of undesirable species both of plants and animals. We must keep m 
mmd that, although beneficial organisms arc introduced, the consignments can 
include the natural enemies of these beneficial insects or another different population 
of the pest 

Quarantine requirements need the propagation of an introduced parasite species 
for at least one generation under quarantine conditions. 

Quarantine facilities and procedures to biological control projects arc a rather 
important part of the program They have been dealt uith satisfactorily by mill* 
(t'Xu) *0 that the) arc mentioned only very briefly m our book: aphid parasites 
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represent a comparatively very simple problem in many ways, but, the quarantine 
phase of a biological control program may not be omitted. 

Any received shipment must immediately be transferred to the quarantine labora- 
tory and further activities— from the opening of the parcel to the transferring of the 
parasites to quarantine rearings, and the sterilization of package for later burning of 
the container — must be done with scrupulous quarantine care. 

Each sample received must be put in a separate isolation cage to prevent a mixture 
of separate strains or even species of parasites. 

Both in the quarantine and biological control laboratory the optimum temper- 
ature and humidity requirements for aphidiid parasites arc generally agreed to be 
approximately +i8°C- +24®C and so -70% R H. Naturally, these conditions 
may be changed with respect to the specific requirements of separate species. Care 
should be taken to see that the same temperature is really optimal for both host 
and parasite. It has been generally recognized that there are aphid and parasite 
species that require lower or higher temperatures (see: rearings). 

The continuous rearing of apluds and parasites in separate cages does not represent 
a peculiar problem. It is necessary only to add new host aphids and plants, and a few 
drops of honey as food for parasite adults; periodical watering is also recommended. 
We have found it to be a suitable method to grow the plants m smaller containers, 
new plants being gradually added and old ones removed so time a continuous source 
of aphid host plants is secured. If the cage is smaller and the older containers or pots 
with old plants and those injured by apliid feeding must be removed, the upper 
portion of the plants are cut and left inside the cage, while the containers are removed; 
this is necessary as the mummified aphids may be found on older plants, on the 
other hand, a chance must be given to the living aphids to disperse from the old to 
new plants. 

Mating of parasites need not be dealt with as both 5 and ?? emerge from mummi- 
fied aphids; sex ratio may be important in continuous rearings but does not seem to 
have importance in quarantine isolation. 

Host instar preference can be recognized from the mummies obtained through 
shipment. Usually, lower instar aphids are attacked by parasite $?. 

Care must be taken in searching for emerged hyperparasites, which should be 
immediately collected and removed from the reanngcage. In case that hyperparasites 
were established it is recommendable to rear the received material for a further 2 — 3 
generations ill the quarantine laboratory as the hyperparasites may not be collected 
in time and they may succeed thus to deposit some eggs. The hyperparasites are 
easily recognizable, differing both in general habitus and behaviour from the primary 
parasites. 

Quiescent states do not seem to cause any trouble during the transport of the 
parasites as mostly non-quiescent cocoons can be found in the field, furthermore, 
air transport is rapid so that the eventual influence of certain temperatures on parasite 
adults is short. Nevertheless, care must be taken to maintain the temperature opti- 
mum in the rearings as temperature may induce facultative diapause m some species 
of parasites (see: seasonal history chapter). 

All the data obtained during the quarantine period of a biological control program 
are carefully collected and are then put at the disposal of the biological control 
laboratory worker. 

A part of the material reared in quarantine, after the adults die or when the rearing 
becomes more numerous, must be mounted and correspondingly labeled with all 
the necessary records and preserved for eventual later taxonomic identification or 
revision. 
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Fig. 313 - Rearing methods. A - glass container with water, 1 J - plastic plate wit* 1 
central hole, C - cotton wool to fix the plant in the hole, D - plant with aphids, etc., 
E - glass container opened at both ends, F - rubber, G - nylon texture. 


In general, at least in aphid parasites, it seems that the most ideal conditions would 
be for all this work, both quarantine and basic laboratory work to be undertaken by 
the same worker or staff, who knows also the hardly definable minute peculiarities 
in the biology of the introduced species. For this reason, we liavc included the 
quarantine laboratory as a part of the biological control laboratory. Naturally, such 
a skilled research worker or team must have several years’ experience with the rearing 
of various parasites, so as to recognize all the minute details in their requirements on 
the environment. 

— biological control laboratory. Prior to starting mass-rearing activities, we 
must have some laboratory information on the introduced parasite. For tlus purpose, 
\%c have continuous caged pure cultures of host and host plus parasite, from which 
the material for other experiments is taken. Nylon texture covered cages of 35 * 
35 cm or 35 x 70 cm arc rather useful Pure cultures must simultaneously occur in 
several cages to prevent, for various reasons, an unexpected elimination of the stock. 
Potted plants arc useful or we may grow the plants in nutrient solutions or other 
media. We have successfully used Vtcia faba seedlings grown from seeds in wet 
sa vs dust (Fig. 3 14) Tlic cages must be watered, and air circulation is necessary. A few 
drops or narrow strips of honey can be put on the walls of the cages or on the plants 
as a source of laboratorv food for parasite adults. Either fluctuating or (optimum) 
constant temperatures ma\ be used, in the second ease, we must be careful, as in 
some cases the optimum temperature for the host mav induce diapause in the parasite. 



Fig. 314. Rearing silon (= nylon) cage for breeding aphids and parasites m the labora- 
tory. 1 - Silon texture, 2 - bottles with bean plants, 3 - wire netting, 4 - plastic pan, 
water (stary, 1966). 


Average temperature conditions in roarings depend on the aphid speacs. Some 
aphids, as mentioned also by fisher (1964), require cooler environments (c.g. Aphis 
fabae, Acyrthosiphon pistim. Aphis spiraccola, Toxoptcra aurantii), while other species 
prefer higher temperatures {Aphis craccivora, Akgoura viaae, Thcncaphts tnfolti. 
Aphis gossypti, etc.). It is advantageous to rear each host species and associated 
parasites in a separate small room to prevent mixed cultures, which can occur when 
several host aphids are reared on the same species of host plants m the same room. 
Host specificity of aphids can be useful to allow some species to be reared in the 
same room without the danger of accidental mixture of cultures, while other species 
must be separated. The obviously best average temperature, at least for the initial 
stage of the research, is +18 - 24°C- Fluorescent or day-light can be used. Light 
period must be controlled to preserve the parthenogcnetic reproduction of aphids. 
Detailed observation on parasite oviposition, mating behaviour, etc., is usually 
performed in Pctri-dishes or m isolated containers (Fjg. 313). For this reason, colonies 
of aphids arc reared on leaves of plants put in water (broussal 1966, HAFE 7 1961), or 
leaf-discs floating on culture solutions arc reported to be useful (hughes a wolcock 
1965). Young seedlings grown fromscedsarc also good for aphid rearing and detailed 
observation. Actual fecundity of parasites may be established by transferring the $ 
parasites each in a smaller cage with aphid infested plants. 

Generally, the aphidnd parasites arc not difficult material to rear successfully m the 
laboratory. They usually mate soon after emergence so that there is no danger of 
lack of mating in laboratory rcarings as mentioned in other entomophagous 
insects. Naturally, there arc many specific features in parasite biology which can be 
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established by an experienced worker, as this is true for all the groups of entomopha- 
gous insects. Density of host and parasite populations must be observed, periodically 
the aphids should be added or the supernumerary parasites removed. 

It seems advantageous to first elaborate a brief review on parasite biology to 
enable the mass-rearing program to begin, while further detailed observations on 
parasite biology, host and parasite relations, etc., may be dealt with simultaneously 
with the mass-rearing production. There is no doubt that field experiments and 
problems that arise during the parasite cstablismenr in the field give us a rather rich 
and continuous source of problems. 

- Evaluation oj results. On the basis of the laboratory information obtained we may 
at least preliminarily select the parasite species. Temperature requirements of separate 
species will probably be the first criterion necessary for the elaboration of the plan of 
release sites. Host instar preference will give important information on the mode of 
parasite spread. This basic information must be completed by records received or 
obtained in the native home of the parasite (habitat, host specificity range, etc.). 

BARTLETT & V. D. BOSClt (1964) summarized the viewpoints of various authors in 
that there ate two schools: one school of thought has maintained that where several 
natural enemy species attacking the same host were considered for import, only one 
species having the best predetermined attributes should be introduced, while the 
opposing view holds that all natural enemy species should be imported and colonized. 

In our opinion, we should follow the natural conditions, where the action of the 
natural enemy is characterized by a complex action of several species which attack 
the host in different environments and microenvironments and replace each other 
in action. The truly ecological homologucs seem to be rare in nature, while the 
greater heterogeneity of the parasite spectrum seems to cover the possibly occurring 
gaps in aphid limitation more favourably. 

- Mass- proJutt ton. 1. Mass-rearing of parasites is a part of a chain of procedures, 
which consists of the mass-growing of aphid host plants, mass-rearing of aphids on 
these plants, and mass-rearing of parasites on the aphids. 

The plants can be cultured in pots with soil, or grown in nutrient solutions. 
Because of the necessity of light, it seems to be preferable to cultivate the plants in a 
greenhouse, and transfer them from there into rearing rooms for future use. Strip 
organization of the plants in rcanngs is useful, i.c. pots with plants of the same age 
arc situated in the same strip, and the separate strips containing plants of the same 
age arc then exchanged and replaced, the senescent plants arc removed and replaced 
by young ones, etc., there being a continuous chain of young, middle-aged and 
senescent plants 111 the rcanngs. This system is rather advantageous as the aphids can 
migrate from the old senescent plants to the young ones. 

Aphids and parasites arc reared 111 propagation cages or units. We agree with 
riNNtv & HSHER (i<X>4) in that smaller units arc more favourable as they enable closer 
control over the cultures and also the elimination of eventual contamination is easier. 
Rearing cages can be situated in rearing rooms under fluorescent light or in a heated 
greenhouse. Controlled temperature, light, and photopcriod is necessary, together 
with air circulation and watering. It is still a problem as to whether constant or 
fluctuating temperatures should be used m the rcanngs. Rcanng rooms have many 
advantages, especially as there is less probability of contamination of rearing* by 
liypcrparautcs and the conditions can be controlled more easily and precisely. 
Greenhouses seem to be most advantageous for the growing of plant material. They 
can be used as rearing room, probably successfully only from late autumn to early 
spring in a temperate zone. 1 c dunng the period when the external condition* do 
not enable the occurrence of hspcrparasitcs and other natural enemies. Host and 
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parasite density in rcarings must be controlled to give the best results. It is rcconimeiid- 
able to add honey as food of parasite adults. 

In the rcarings, we use either the pest as the host aphid or al tenia live or even 
unnatural hosts may be favourable especially when the pest can be cultured only 
under difficulties. For example, we have successfully used Aphis aaccivora as an 
unnatural host of ApUiiius transcaspicus in the rcarings, as the original host, Hyalopte - 
n« prunit was difficult to rear. Mass-rearing of parasites on unnatural foods is another 
problem. Direct culturing of parasites on artificial diets does not seem to be suitable 
for the aphidiids. Very' few successful eases of breeding hymcnoptcrous parasites on 
artificial diets arc known. As to the aphidiids, we are rather sceptical as the following 
features will hardly allow a successful application of a similar rearing method: 
opposition (opposition behaPour), larval development (relation to various tissues), 
pupation (aphid skin is mostly needed), emergence of parasites. Culturing of parasites 
on hosts bred on artificial diets could be perhaps useful for mass-rearing of aphid 
material. The rearing of aphids on artificial diets has been mentioned by several 
authors (see: mettles 1958, etc.), but it still remains a question whether the rearing 
of aphids on plants is not more advantageous. Culture methods for mass-production 
are of three types: periodic contact, limited contact, and continuous contact (see: 
IX AN DIRS 1954). 

2. Mass-collection of parasites can be undertaken by the following methods: 
Aspiration. For parasite indiPduals a commonly used mouth-suction collector is 
quite useful; do not forget, however, to put a piece of nylon texture inside to 
prevent mechanical injury to the parasites when they are sucked in. For mass-collec- 
tion, however, an aspirator-suction-collector is better; the material was collected 
into plastic bottles, which were later covered by njlon texture and closed with an 
adapted cork. In these bottles, too, the parasites were stored and transported to release 
sites (Figs. 3x5). 

Anaesthetization. Anaesthetization of parasites by C 0 2 sometimes in combination 
with ether (see: fisher & finney 1964) has been used by various authors. In our 
opinion, this method is not necessary in the case of aphidiids, as the parasites can 
easily be collected by aspiration when utilizing their pliototaxis. The above men- 
tioned method might perhaps be used when counting the adult parasites, never- 
theless, cold storage conditions seem to decrease the motility of adults to a suitable 
degree, this being simultaneously an easier approach to the matter. Anaesthetization 
may have also adverse effects on the material (sec: wjackowski i960, 1962). 

Utilization of parasite taxes. Positive phototaxis is most useful in parasite collection. 
The adults may be easily collected on the ceiling of the rearing cages, or on specially 
adapted windows. 

Collection of the material via utilization of their taxes must be timed. The parasites 
accumulate on ceilings when beuig disturbed by slight mechanical movements of 
the plants, the same as when they are searching for water; similarly, their accumu- 
lation seems to be greater in the case of higher temperature and relative lack of water 
in the rcarings. Therefore, we collect the parasites prior to watering the cages. 

As already menuoned, counting of the material is necessary prior to mass-release 
of parasites. When releasing adult parasites, the containers with collected material 
must be placed for a short time in lower temperature conditions (about + 8 - +io°C) t 
or the adults are anaesthetized by C 0 2 . When mummified aphids on plant stems are 
released, the stem- or leaf-counting methods can be used. 

3. Preparation of artificial foci units was developed during an experimental pro- 
gram of introduction of a parasite of Hyaloptcrus pruni into Czechoslovakia, but it 
was later found useful also for mass-production and release of some other introduced 
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Fig. 3>5' Mass-collection methods. A - plastic bottle, U - suction collector cork 
C - plastic cork with cut out central portion, D - plastic funnel, E - rubber hose, 
F - aspirator, G - closed plastic bottle with parasite material, H - nylon texture. 


parasites. The principle of the method is very simple: we use the wooden boxes* 
which arc commonly used for the transport of vegetables or fruits, as rearing 
containers. A layer of soil is put into these cages, and seedlings of the host plants are 
grown there. Later on, the young plants arcinfcstcd by aphids which arc then exposed 
to parasite attack. After a day or two, long enough for parasites to attack a number 
of aphids, the artificial foci units (AFU) arc transported to the field and left m 
release sites, where they serve as artificial foci, where parasites can find their hosts 
and spread from there to the surroundings. The AFUs may be prepared either JO a 
greenhouse or in a rearing room. Either natural, alternative or unnatural hosts can 
be used as the host aphids in these units. AFUs cannot be stored for a longer time 
because of plant growing and resulting trouble during transport, so that timing of 
AFUs production is necessary 

4 . Semificld and field rcanngs Large cages may be situated in scnuficld or field 
conditions for the purpose of parasite mass-production. The natural conditions, when 
favourable, arc practicalK a rather useful laboratory, although there is danger of 
contamination of such rcanngs by hypcrparasitct and other natural enemies. These 
confined rcanngs are useful because of the easy growing of plants. Sometimes, it u 
advantageous to add pure cultures of aphids into the cages to increase the density 



of populations in them. This method was successfully applied by v. d. boscii ct al. 
(1959) in experiments on initial establishment of introduced parasites of Therioaphis 
tnfolii in California. We used the same method of rearing in initial establishment 
experiments on parasites of Hyalopterus prutii in Czechoslovakia. 

Mass-production of parasites can take place in permanent establishment plots of 
parasites in field conditions. Special methods were developed to collect such material 
for release purposes (see below). 

- field wokk. clausen (1936) has perfectly summarized the relations between the 
laboratory and field work in biological control: successful rearing under controlled 
laboratory conditions however encouraging, gives little assurance of establishment 
in a more rigorous field environment. 

In a biological control program we commence with field observations on the 
occurrence and action of various parasites. Then we collect them and send them to 
the laboratory. We deal with them here and then introduce them to the field, 
although in more or less other conditions. We understand some features of their 
biology in the new environment very poorly, so that we again make experiments in 
the laboratory, etc. Thus, if we classify the laboratory and field work in biological 
control, there is no doubt they both arc very complex. 

- Colonization. Colonization is a phase of the biological control program in winch 
we translocate the introduced organism uuo the field conditions of a new country. 
This is a rather responsible phase of the program, as we must transfer the material 
from the laboratory conditions to the field, select a favourable site, release the parasite 
at a suitable time and in certain numbers. It is obvious that the released parasites can 
be influenced by a number of factors, which could be adverse or fatal to them, and 
it is just the aim of the colonization procedure to diminish these risks and to try to 
select the best new environment for the introduced parasite. 

- Colonization site - 1. Number. It is a generally accepted opinion in biological 
control praxis that it is best to liberate the limited number of natural enemies all in 
the same place and at the same time rather than to distribute them m a more sparse 
population over a wider area. The application of this principle is influenced by the 
quantity of material available and by the release method. There is no doubt that 
confined release requires relatively less material and we can start the confined release 
experiments at several places simultaneously, whale open release generally needs a 
higher release number concentrated on one plot. 

As correctly stressed by debach & bartlett (1964), the initial release of a new 
species should be made to cover as diverse a climatic area as is practical so that the 
most suitable environment will be encountered; since it is relatively impossible to 
foretell exactly how a species will react to a new environment, the common proce- 
dure in colonization is to set up a reasonable number of liberation sites with varied 
environmental conditions and concentrate the initial release to these locations. 

(a) Temporary and permanent colonization sites. We may release the material 
in a random manner in a suitable stand, or select a permanent colonization site. For 
example, v. d. bosch ct al. (1959), in the initial stages of the T/icnofip/us tnfohi parasite 
introduction program, released a relatively small number of parasites indiscriminately 
on commerce alfalfa fields in southern and northern California; despite a numerous 
release of this type on heavy aplud infestations, 110 recovery of parasites followed 
after several months. On the contrary', establishment of parasites was achieved on 
permanent colonization plots, where the same plots were colonized repeatedly. 
However, even temporary colonization may be successful as shown by results of 
the introduction ofAphiJius stmthi in Hawaii (see: Ann. report, 1960-61). There is 
110 doubt that a sclccuon of a permanent colonization sue allows a better possibility 
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to eliminate the influence of adverse factors such as insecticidal treatment, etc, 

(b) Natural and cultivated stands. It seems to be quite certain when an introduced 
parasite has to become permanently established it should occur both in natural and 
in cultivated stands, because natural or scminatural habitats form the frame of 
cultivated land. There is, of course, no strict separation of natural and cultivated 
stands as a number of ccotoncs as well as mixed stands occur. From this point of 
view, it would perhaps be better to classify the parasite occurrence in a given area as 
being in unstable or stable stands, as the latter include both natural and cultivated 
habitats. We must keep in mind that even some cultivated crop fields can represent 
a relatively stable environment. For example, just the generally known examples of 
biological control of alfalfa aphids in California represent a ease, when the introduced 
parasites were established permanently on the alfalfa fields, but there arc no records 
on their occurrence (foci) in roadsides, waste lands, etc. We believe that both aphids 
and parasites can occur in such places as well, although being restricted to a single 
host, as alfalfa plants arc commonly encountered outside the fields. However, even 
if the parasites occurred only on alfalfa fields, the character of the stand — the life 
cycle of the host aphids as well as the perennial character of the community— is 
favourable for their establishment; the parasites, wliich arc originally or through 
environmental modification strictly specialized to their on alfalfa occurring hosts, may 
overwinter in the alfalfa fields and also survive the hot adverse summer conditions, 
at least to a greater extent of the California districts (cf. v. d. bosch ct al. 1959 . >9<>4)' 
This would not be the ease of an annual crop, which is attacked by aphids only 
seasonally and moreover, annual crop fields arc strongly influenced by agricultural 
practices (ploughing). 

This problem is more complicated in connection with the origin of the pest, its 
occurrence in natural and cultivated ecosystems, adaptation of indigenous natural 
enemies and their action during the season, etc. 

2. Criteria, (a) Character of the stand. As already mentioned, the colonization site 
must show at least a certain stability; stable environments should have preference. 
As the aphids arc seasonal inhabitants of annual crops, the parasites cannot occur 
perennially in such a stand; then there is the problem of whether they arc able to 
disperse and follow the host to another habitat (climate zone influence) or not. In 
any case, the selection of annual crop fields (unstable stand) is risky. We can illustrate 
this with several examples: In Cuba, Aphis craccivora is a common pest of vegetables 
grown in fields, but it occurs on quite a number of other crops and plants, in almost 
all the habitats over the island; however, in annual crops— c.g. beans — it occurs for 
a short period, while in other stands— c.g. on way-side trees (Gliriridia)— it stays 
much longer; the latter plants too arc often found in rather heterogeneous habitats, 
being grown all over the island. Lysiphlebus teslaceipes, which is an indigenous 
parasite of this aphid in Cuba, parasitizes the aphid heavily on Ghncidi 3 trees, but 
v.c found poor or no parasitization m young bean fields; this is obviously a result of 
the annual community character of a bean field as well as a matter of aphid and para- 
site dispersal. In the ease that we should introduce another parasite into Cuba to 
control the aphid, there is no doubt that it should be released 111 stands where 
G madia trees infested by the aphid arc common , there would occur certain, perhaps 
parua y adverse, relations of an interspecific character between the parasite species, 
but they both could occur simultaneously as a certain percentage of aphids remains 
tree ot parasites under Lysiphlebus teslaceipes action. Or. another example from 
t-. fcuropc Acyrihosiphon pisiun 11 a common pest on alfalfa, which is a perennial 
crop, however, during (he season, a part of the aplnd population migrates and 
attacks annual leguminous crops such as common beans, peas, etc., but as soon as 


these crops become fully grown and thus unsuitable for aphids, the aphids emigrate 
to perennial crops. It is obvious that Aphidius smUhi, during the introduction pro- 
gram, should be released on alfalfa fields, while the success of tliis release on peas 
and beans would be adversely influenced by the life-cycle of the aphid and character 
of the stand. 

(b) Aphid life-cycle and population density. When the parasite is introduced into 
a release site, there must be a relatively high host density to enable it to reproduce 
successfully. However, it is well known, that host population density in a certain plot 
fluctuates, the aphids can emigrate partially or completely from a certain stand, etc. 
As the perennial host's presence is important in a parasite release program, we must 
classify the host life-cycle and corresponding changes in host densities in the given 
release site. In connection with corresponding peculiarities there arc various differ- 
ences in individual climatic zones (see seasonal history chapter). For instance, dioecious 
aphids in the temperate zone alternate the type of habitat in connection with obliga- 
tory migrations; tliis means that the introduced parasite, which is basically habitat 
dependent, cannot survive the temporary host absence if it is not able to find some 
alternative hosts or to enter the diapause. According to our studies, we can develop 
artificially some “mixed” stands in intermediate habitats, where both the primary 
and secondary host plants occur together: this enables the parasite to find its hosts 
throughout the whole season at the same place. Similar mixed stands may also be 
found and selected under field conditions. We have used such an artificial stand when 
colonizing Aphidius transcaspiais, a parasite of Hyalopterus pruni, in Czechoslovakia: 
Phragmites communis, which is a secondary host plant, was potted and grown 
under Prunus domestica trees which is the primary host plant of the aphid. This 
procedure was followed in an initial establishment program, as the host migration 
was one of the reasons why the parasite failed to establish in several release sites. 
Another example of the significance of host life-cycle with respect to a parasite 
colonization site may be mentioned from the tropics (Cuba) : Aphis spiraecola, though 
attacked by the indigenous Lysiphlebtis tcstaceipes, is an object of possible biological 
control in Cuba, where another parasite species should be introduced. The aphid is 
a pest of Citrus especially, but can be found on various plants over the island. It is 
parthenogenetic in the tropical conditions of Cuba, and migrates from one plant to 
another throughout the year; thus, as Citrus is suitable as its host during a part of 
the season only, the aphid is its seasonal pest. The selection of a citrus orchard as a 
parasite colonization site would be incorrect, as the parasite would not find the host 
when the aphid emigrates from the orchard. Therefore, in the initial colonization 
stage, it is recommended to colonize an introduced parasite species in mixed stands 
such as irrigated gardens, where some plants arc always suitable for the aphid and it 
is perenially present there. 

(c) Indigenous natural enemies. If we have to control an introduced pest which is 
attacked by indigenous natural enemies, there is a probability of interference of 
indigenous enemies with the action of the introduced parasite , the problem is still 
more acute if we have to control indigenous pests with introduced parasites. How- 
ever, where the indigenous natural enemies have become adapted to the pest, they 
will probably hinder the establishment of the initial parasite population. Such obser- 
vations were made in California (Therioaphts tnfohi parasites, v. d. bosch 1959, 1964, 
etc. ; Chromaphis jtiglatidicola , sluss & HAGEN 1966). A still more obvious case is that 
where wc introduce a parasite to a community where there already exists a native 
parasite effective in a part of the season and we plan to cover the existing gap in 
aphid limitation by the action of an introduced parasite. This was, for example, the 
introduction of Aphidius smithi into Czechoslovakia, where the native parasite, Aphi- 


479 




Fig. 316. Acyrlhosiphon pisum, 2 heavy infestation of alfalfa and limitation of the aphid 
by Aphidius crt>l. Czechoslovakia. 

dius em, was effective 111 early spnng as a parasite of Acyrthosiphon pisum on alfalfa, 
in such a ease the introduced parasite must be colonized at the period when the 
indigenous parasite action is lower (Fig. 316). 

(d) Alternative hosts. The presence of an alternative host in the surroundings of 
a colonization site is rather useful for parasite establishment as it enables the parasite 
to survive eventual periods of absence or low density of its host (the pest). For 
example, the lack of an alternative host prevents the survival of Aphidius smithi in 
some areas of California (v. D. boscii et aL 1966, etc.). Thus alternative hosts must 
be kept in mind u hen the colonization site of an introduced parasite is selected. Host 
specificity features and factors influencing it should be considered. For example, 
because of the host range of parasites of many Aphis species and allied genera, a® 
can expect that a parasite attacking several species of this type in its home will adapt 
itself to other similar hosts in the country of establishment , the specificity of indige- 
nous parasites may show a certain relation of this t>pc. We must look for such 
probable suitable alternative hosts, namely the economically indifferent species. It « 
an open problem in biological control to introduce economically indifferent (niono- 
phagoui) aphid hosts into a country, with the aim of introduced parasite conser- 
vation. For example, Langmngms demons, an aphid species restricted to a reed. Axundo 
dunax, is an alternative host of Aphidius irousraspuiis, which is a valuable parasite of 
Hyolopurus pruni, a cosmopolitan pest, in southern Europe, as far as to the Middle 
Last, and C- Asia. The introduction of the indifferent aphid would not mean an 
economic loss due to us food restriction to reeds (weeds) and it would represent a 
'he beneficial pirantc (see: foci, host specif city, etc-)- 
fc) Weather Although generally favourable for some time, the weather condi- 
tions can quicklv change and have an adverse effect on the colonized parasite popu- 
ation ( cavy rain, wind, etc.) The colonization sue should have a maximum pro* 
tective cover for the parasite (see v. d bosch * tluokd i<y5 4 ). 
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(f) Pesticides. Treatments with non-sclccrive insecticides can eliminate the intro- 
duced parasite population either directly or through the elimination of its host in a 
given plot. Such an adverse influence of treatment was experienced by v. D. bosch 
et 3I. (1959, etc.) when trying to control Thcrioaplris trtfolii. We also ascertained a 
fatal influence of non-selcctivc treatment to introduced populations of Aphidius 
traiisaupiius in a peach orchard in Czechoslovakia. Because of this possibility', in a 
colonization site an insecticide treatment should be prevented either completely, or 
for a considerable period (see: v. D. bosch et al., 1959, barnes 1960, v. d. bosch & 
telford 1964, SKA.NDS et al. 1965). DCBACH &. bartlett (1964) recommend a prior 
organization of the colonization experiment in cooperation with large agricultural 
organizations to prevent the treatment of the site; or to choose gardens or neglected 
or abandoned plantings. 

(g) Cultural practices. Cultural practices, such as harvesting or ploughing, in- 
fluence the stability of the stand considerably and perhaps basically. The colonization 
sites should be chosen in order to minimize such influences. 

- Timing - Timing of parasite release should be planned with respect to the season 
and day-time. 

The period of the most favourable host occurrence and weather conditions should 
be selected. These two conditions need not occur simultaneously, as weather favour- 
able for the host need not be suitable to the parasite introduction. Moreover, during 
a certain period of host occurrence the indigenous natural enemies may be rather 
effective, so that it is better to release the new parasites at a moment when this factor 
is less significant. For example, it seems that the release of Aphidius smith! in early 
spring in Czechoslovakia failed because the early spring weather, when the aphid 
population begins to develop, seems to be too cold to the introduced species, and the 
native parasite is highly effective just during this period ; however, later in the season, 
the native parasite is not able to limit the increasing aphid population and the weather 
is warmer. Seasonal occurrence of the host should be known, so as to avoid the release 
at times of its population decrease. Character of the stand (annual and perennial 
crops, etc.) and host migration should also be considered. 

As shown by debach & bartlett (1964) the day-rime under generally favourable 
weather conditions can be of importance. Releases in the morning, when the 
parasites usually emerge and mate, reserve the parasite the warm day hours for 
opposition, orientation and for seeking protected microhabitats. Release in bnlliant 
sunlight is known to stimulate rapid dispersal of some species of entomophagous 
insects. According to Clausen (1951) release in the evening at dusk restricts dispersal 
vvliile still allowing time for orientation to the new surroundings: this might be a 
desirable method during the warmer part of the year (debach & bartlett). 

We have mostly released the aphiduds during the morning hours, but the above 
mentioned viewpoints should be also taken into consideration. 

- Origin of colonized material - The colonized material may principally be from the 
two sources: 

The release of material that was reared in the laboratory is the most generally 
followed method of parasite colonization. A certain release number of parasites is 
transported from the laboratory reanngs and colonized at a given site. This method 
has an advantage in that the exact number of the released material is know’n. It must 
be applied at the initial stage of parasite establishment when no field collected 
material is obtainable in the area. Under certain circumstances, for example, if the 
host aphid is reared with difficulties or the receiver was not able to rear enough 
satisfactory laboratory stock of the host, we release the original shipped material; 
however, even then the introduced material must be reared first in the quarantine 



laboratory and only then the emerged parasite adults arc used for release— thus, 
we principally use the laboratory stock as well. We also undertook a direct release 
of imported material of Aphidius iraiiscaspiciis in Czechoslovakia: there was insuffi- 
cient knowledge of its biology at the time of introduction, its propagation on Aphis 
(foccivora as unnatural host was unknown and the host aphid Hyaloptcrus pruni was 
occurring only on Prunus trees in spring; in our experimental greenhouse we had 
only the secondary host plant, Phragmitcs communis, the common reed. Later in 
the season we transferred both aphids and parasites as the laboratory stock to the 
laboratory rearings from the release site tn nature. 

It is a common praxis to translocate the parts of plants attacked by aphids thatare 
mummified by an introduced parasite to other sites to release the parasite there. 'Inis 
partially saves the production of mass-rcanngs. However, if we wish to follow this 
method, the parasite must be successfully established in a certain release site from 
which samples of material arc then taken. This method was used by V. d. bosch 
et al. (1959), barnes (i960), when transferring alfalfa plants with mummified aphi s 
from one field to another. We have also followed this method when translocating 
the plum tree branches with mummified Hyalopterus pruni in Aphidius transcaspuus 
introduction experiments in Czechoslovakia, v. d. bosch et al. (1959) (see: metho ) 
developed a special large-scale collection method using a specially construct 
mechanical collector. 

- Storage of material - Mass-rcanngs often give their production during a certain 
time before the required release number is reached. However, the longevity o 
parasites, even if fed on honey, is relatively short under optimum temperatures 
occurring in the rearings. For this reason, the adult parasites are kept separately 
under lower temperatures. The level of temperature must be experimentally 
For example, wiackowski (i960) recognized that more than two weeks at + 10 C 
temperature had an unfavourable effect on the reproductive capacity of Aphidius 
smilhi. Storage at + I4°C seems to be generally suitable, while lower temperatures 
must be dealt with experimentally. 

We have found it useful to keep the stored parasites inside plastic bottles closed 
with nylon texture, in which wood wool or a piece of texture as a resting site tor 
the adults were added; a few drops of honey served them as food. These bottles were 
later removed from the refrigerator (+ I4°C), transferred to plastic ice boxes and 
transported to the release sue. 

In ease it is necessary to accumulate the stored material cr to store it for a 
longer time, it is recommended to move the containers with the insects two or three 
times a week from the low temperatures to about 4- 2i°C for 20 -30 minutes (plus 
light). During this time the insects become active, feed and defecate. During this 
procedure it is always important to provide a supply of food and water. Otherwise, 
loss of vigour and increased mortality may follow. Honey seems to meet both 
requirements (See; fisher & finney 1964). 

- Transport to the field - Temperature and R.H. conditions can adversely influence 
the transported material. This is generally known in the praxis of biological control, 
although different species manifest a different ability to survive the same conditions. 
For example, schlincer & hall (i960) observed when transporting samples o 
parasites in California, that some cool climate species such as Aphidius rtbis died from 
the heat during transport while hot climate species survived it wclL For this reason, 
the transported material must be given a certain protection from such adverse 
influences, debach & Bartlett (1964) mentioned that natural enemy containers, 
enclosed in a waterproof plastic bag or metal box, arc kept cold by cloth gauze 
wrappings which provide evaporative cooling when moistened; or ice boxes and 




Fig. 3 17. Opened box containing plastic bottles with living parasite material. 


even refrigerated automobiles were used for transport of imported natural enemies 
to the release point. 

We found that the transport of adult parasites inside plastic bottles, placed inside 
a plastic ice box was latber suitable. Some drops of honey and a piece of wet cotton 
wool were placed on the nylon texture that served as a part of the stopper of every 
bottle (Fig. 317). 

Mummified aphids can be handled less carefully. We put the pieces of plants with 
the mummified aphids inside nyloncovercd cages. It is recommended to place some 
wood wool among the pieces of plants to prevent possible injur)' to the mummies 
during transport. These nylon covered cages can be transported freely or inside the 
plastic ice boxes (Fig. 317). 

Artificial foci units are transported m a closed car, covered with a large piece of 
nylon texture. 

- Kinds of release - Inundative release is defined as a kind of release when an ento- 
mophagous insect is released to control a pest immediately, not through the action 
of its progeny (flanders 1930, 1951). This type of control is mentioned to be similar 
to that obtained by use of chemicals since the mortality of the pest is more or less 
immediate and there is no prolonged interaction of the population. The method is 
probably best suited to univoltine pest species or multivoltme species which are 
injurious only during a single generation, a year (debach & hagen 1964). This type of 
release was not used in the apliidiids and, because of the multi voltine occurrence and 
long-termed injury of the aphids, it does not seem to be a perspective. 

Inoculation release is characterized by the accumulative control action by the 
natural enemy progeny produced over several generations following the release of 
a relatively small number of natural enemies as compared to the host (debach & 
sen linger, 1964). It lias been widely used in the biological control of aphids by 
parasites. 
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Fig. 318. Mechanical collector developed for large-scale field collection of importc 
parasites of Thcrioaphis tnfolii. (A) collector in operation, (D) diagrammatic side view 
of collector - broken line invaginations in air duct indicate positions of collecting sacks, 
(C) diagram of one side of ‘scoop’ shoeing the adaptive collar with which it is con- 
nected to air duct; (D) lateral view of ‘scoop’ - note anterior opening (broken line) 
for entry of insect material and posterior opemng through which material is drawn via 
adaptive collar into collecting sacks in air duct (v.o. bosch ct al., 1959 ). 


- Release methods - 1 Open release (a) Laboratory mass-reared material. The ma* 
tcnal transported inside containers from the laboratory mass-reanngs is transferred 
to the chosen release sue, where the containers arc opened and the insects ate 
cither sluken out on the plants or the containers arc left open ro allow the adult pa' 
rautes to disperse. This method has been commonly used by various workers. 

(b) Artificial foci units (AFU). The units prepared in the laboratory are situated at 
the release sues. Although each unit includes a la>cr of soil in w hich the plants grow , 
it is useful to sink them partullv into the soil to minimize the dessicanon of the *° J 



inside the units which would weaken the plants; if this is done, the units may he in 
function for a longer time. 

(c) Mummified aphids. When the introduced parasite lias become established in 
a certain plot and reached a relatively high density, we transfer the infested plants 
or their parts to other release sites. This method was used, e.g., by v. D. bosch ct a!. 
(1959}. BARNES (i960), who transferred cut alfalfa plants with mummified Therioaphis 
irtfolii. Similarly, we have transferred small branches of plum trees with mummified 
Hyakplcnis pnuii from one orchard to another. Tliis method can be unlized when the 
mummified aphids on the plants are numerous enough. 

(d) Field mass-collected material. When the introduced parasite populations be- 
come sufficiently high in relatively large plots, they can be collected for the purpose 
of releasing them in other sites. Special mechanical mass-collecting methods have 
been developed (dietrick, schuncer & v. d. bosch 1959, v. d. bosch et al. 1959, 
STERN, D 1 ETMCK fc. MUELLER 1965) (Fig. 3 1 8). 

It seems that these methods can be used only on homogeneous field crops while 
there will be obviously great difficulties in applying the method for instance in 
orchards. 

2. Semi-confined release. Practically, ever) 7 confined release method is a semi- 
confined one, as after a certain period the confined populations arc left to spread 
freely in the neighbourhood. We have, however, developed a method which is an 
intermediate stage in that the introduced populations are scmi-confincd from the 
date of release. The method is relatively simple: on branches of trees or on a release 
plot we place a nj Ion sack or nylon-covered cage, but leave the sack partially untied 
or the cage partially open. This allows the emerged parasites, when searching for 
hosts, to spread from the release cover, while a certain part of the population remains 
inside the cover. We have used this method successfully in Hyaloptcnis prutii control 
program in Czechoslovakia, where the released Aphidius tratiscaspicus occurred both 
inside the sacks (cf. confined release, fig. 319) and in the close environs; their spread 
was easily ascertained because the mummified aphids are brown-yellowish and differ 
from the mummies of the indigenous parasites. This method requires a relatively 
high infestation of the release plot by the host aphid to enable the parasites to find 
their host quickly in order not to spread too far and keep a relatively dense popu- 
lation at the release plot. 

3. Confined release, (a) Njlon sacks on branches of trees. We select a small or 
large branch of a tree which is heavily infested with the host aphid, put the nylon 
sack over tliis branch, introduce there a certain number of parasites and we tie the 
sack with a rope. If the original aphid population is low, we add other aphid infested 
leaves or branches to increase the host density inside the sack, as far as possible, all 
the predators and mummies of indigenous parasites are removed. If the branch is 
strong enough, the simple tying will do, while on thinner branches or if we had 
used a larger sack, we tie the sack to several other branches in addition (Fig. 319). 

(b) Metallic constructions covered by njlon texture. Constructions of various 
dimensions covered by n)lon texture are situated at certain plots over the plant 
cover. The constructions, because of eventual wind, must be well fixed to the 
ground. Either the present aphid populations can be used, or we can add more 
aphids into the cage. When the parasite density tnsidc the cage is high enough, as 
may be recognized from the number of mummies on the plants, the cages arc 
removed and the parasites are allowed to spread to the surroundings, v. d. bosch 
et al. (1959), when using the caged populations m release of Therioaphis tnfolii 
parasites in California, after the release of a certain number of parasites mto the 
cages, introduced periodically stocks of aphids to further enhance the parasites and 
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F>g- 319 . Colonization of parasites. Nylon texture bags situated on the parts of a tree 
which are infested by the pest aphid controlled. 


to maintain a constantly high infestation level within the confined area. During the 
period of this colonization from April through to June 1956, releases were made at 
approximately weekly intervals with 14,400 Praon ex olctwn and 5,860 Trioxys 
compUnatus being introduced into the experimental large organdie cage. After a 
certain period aphid mummies produced by the parasites were abundant and the 
cage was opened to permit the spread of the adult parasites from the focus. Simul- 
taneously, the staggered cutting cycle of the alfalfa in the surrounding area W 3 S 
introduced to make the aphids continuously available to the parasites. Under these 
conditions the parasites spread very rapidly, quickly established themselves through- 
out t ic 5-acrc experimental area, and then moved into the commercial alfalfa 
adjoining this area. 

(c) Polyethylene covers. This original method of ours was experimentally used 
during the introduction experiments with Aphdtus stmthi in Czechoslovakia. Poly- 
ethylene continuous row covers arc commonly used in horticulture. Their primary 
role is frost protection, shadbolt (i960) stated that the shape, size and the perfora- 
tions or ventilation of the covers greatly influence the heat-build-up in the soil 
during the day. A number of various other authors in horticulture have dealt with 
the microclimate of these protected or covered grounds (koljaeva ct al., 1966, see: 
green ouscs). We have preliminarily used these covers, although in a somewhat 
1 crcnt manner. We built large tents constructed from polyethylene covers, each 
• °' ?, 2 x l 2 ln dimensions. The borders of the tent were pressed dose to 

, ® r ° Un . y 1 ro P c 2nd pegs and slightly covered with soil. There were 

,° T T thc COVcr * about 30 y 30 cm, covered by a nylon texture to 
nrevrn ^ ^ during possible overheating at mid-day hours on sunny days, but 

other ele S C £ araslt ” ^ rom Reading to thc surroundings as well as thc invasion of 

P g. a t c penod when Aeyrthosiphoit ptsum began to hatch from the over- 



wintering eggs. After the plants have somewhat grown due to a higher temperature 
inside the covers, the experiments began, the aim being to recognize the influence of 
such a manipulation of the environment on the seasonal occurrence of the inside 
fauna, and, secondly, to recognize the survival of Aphiditis sinithi in such an environ- 
ment, while the cold weather in early spring is unfavourable even to the native 
parasites. In one of the tents, the original population of the apliid was left untouched, 
while a number of laboratory aphids were added to another tent to provide for the 
introduced Aphidius snuthi enough suitable hosts, as the fundarriccs of the aphid are 
relatively scarce in spring. Although the general preliminary investigations seem to 
show that the introduced parasite failed to establish in such an early yearly period, 
we observed that the indigenous parasites, which could not be separated from the 
caged populations, as well as the aphid hosts, developed about twice as rapidly as 
the free populations in the surroundings. These experiments should be carried out 
on a larger scale. The continuous tunnel covers might be useful and cheap for tliis 
purpose. It is possible that the principle of the method could be useful even in the 
augmentation of the indigenous parasite occurrence and they could limit their hosts 
in a rather unnatural way. The covers could be situated as strips, etc. Similarly, the 
covers could be useful in the establishment of other introduced parasites of pest 
aphids on some other crops. 

4. Comparison. Generally, with respect to the possibility of their application the 
release methods can be divided mto two groups: 

The first group may be applied when the first releases are made. It includes the 
great part of open release methods, and scmi-confincd and confined release methods. 
The release of laboratory reared material is rather easy, but the released parasites 
may spread too far and the populations fail to establish: this was recognized by 
v. D. bosch et al. (1959) during the initial stages of Therioaphis trifolii biological 
control program in Cahfomia. However, we know other cases (Hawau, see: release 
numbers), when a relatively low release number was sufficient for parasite establish- 
ment. An artificial foci unit method seems to be favourable in allowing the alterna- 
tive, unnatural or even the pest host to be used in the program, temporary fod of 
parasites in the new environment bemg created; however, a greater number of 
AFUs are connected with certain difficulties as to their transport (weight, dimensions). 
All the open release methods have an advantage m that no further care is necessary 
for the released material. Semi -confined release seems to be useful both m concentra- 
ting the introduced population and allowing the simultaneous spread, further care 
being unnecessary. Confined release methods require at least periodical care in 
adding the new parasite material, checking the parasite density inside the cages, or 
in the final removal of the cage. A disadvantage of all the confined release methods 
is that the cages or sacks are easily visible and they can be damaged by uninformed 
people. 

The second group includes the methods used only after the parasites have become 
established. They are useless during the initial stages of parasite establishment. 
Translocation of pieces of plants on a mass scale is usually a time consuming and 
expensive process (see: v. d. bosch et aL 1959), while field mass-collection of intro- 
duced parasites for further mass-release needs special mechanical equipment. How- 
ever, just the use of these methods was rather useful in spreading the introduced 
parasites of Therioaphis trifolii in California on a wide scale. 

There is no doubt that open release does not prevent the introduced parasite 
populations from the action of other members of the aphid-natural enemy food 
chain. The predators or fungi can cause the decrease of introduced parasite popula- 
tions (sec: v. d. bosch ct al. 1959) for example, if the release numbers are relatively 



low, mass-release of field collected material is useful in diminishing this influence 
because of the high number of individuals, but it cannot be used in the early stages 
of an introduction program. The confined release protects the introduced parasite 
better from eventual competitive relations in the new environment at the time when 
its density is relatively low, 

- Release material - In general, we can release all the developmental stages of para- 
sites, but each stage has certain negative and/or positive features. 

Living parasitized aphids, if released in large quantities, can serve as an artificial 
temporary focus of the parasites as they feed on plants in the release site and arc later 
mummified by the parasites which then emerge at the very same plot. Our method 
of Artificial Foci Units (AFU) is a practical example of the use of living parasitized 
aphids. The release of parasitized aphids is useful if specimens of an alternative host 
arc released, otherwise it would mean a partial release of the pest population. Even 
the latter ease is known to be advantageous in release experiments performed with 
other parasite groups. Nevertheless, in no ease may the pest population that was 
accidentally brought from abroad with the shipped parasite be released even if it 
were via parasitized aplnds: on the one hand, even the laboratory population is 
never completely parasitized and a certain number of aphids escape parasitization, on 
the other hand, even parasitized aphids may be able to produce a certain number of 
unparasitized progeny. 


Mummified aphids, containing last instar larvae or parasite pupae represent 
another kind of release material. They arc useful because of easy transport, but 
their main disadvantage is that they are unable to change their position in the 
ease of adverse atmospheric conditions, as mentioned by wiackowski (1962). 
Moreover, the parasites mostly do not emerge simultaneously from the mummies, 
the emerging parasites disperse in search for mates and hosts, so that the initial 
released population becomes relatively less dense; the less probability of mating 
seems to be the main disadvantage; a great number of mummified aphids would be 
necessary to compensate this. 

The adult parasites seem to be the best material for release if their release is well 
timed with respect to weather conditions and host occurrence. The adults collected in 
mass-rearing* usually mate so that mated 99 arc practically released as a result and the 
initial establishment is more probable. The adults arc also able to find suitable 
shelters and microclimate. The disadvantage of adult parasite release is that the adults 
disperse to the neighbourhood and the initial population becomes less dense; this can 
be compensated by suitable timing and release methods. 

W !“" rc ' casc Clt ^ er onc species or several species simultaneously in each release 
sue. 1 here were some opinions in the past that each species has to be released separa- 
tc y to prevent competition. However, as shown correctly by barnes (i960) who 
also began the experiments on Thmoaplns tnfoln parasite release in Arizona by 
re casing on y a smg c specie* in a release site, several species, when released simulta- 
ncousiy, spread and become effective according to their specific features: Praon 
. ? nd T n ° xys ""P^auu were established in Arizona when liberated simulta- 
3 ’ ! I ““'ff bcC3mC morc ,m P° rIant because of its preference for a 
.1 , ^ C Inutc which is just tjpical of Arizona. Similar results were obtained 

nth V " ° , BOSai Naturally, the mentioned ease must be applied to 

be " r ' rCS * >CCI ‘h clr orl 8 ,na l habitat requirements: forest species should 

LV ™ for ” 1 <>P C habitats and steppe spee.es should be released in steppe 
nabitati, etc. (see: host specificity chapter). 

^)m, ^nn n .T bCrS r ’■ ^"depopulation problems It is well known that 111 natural 
populations the reduction m the value of innate capacity for increase associated with 
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increasing sparscncss of the population may be carried so far that it becomes negative 
and the population proceeds to dwindle to extinction. There arc two aspects to 
tills phenomenon: one is the final extinction of a population which has been well 
established in an area which has becii brought down to low numbers by natural 
vicissitudes or deliberate destructiveness of man. The other is the failure of a small 
colony of immigrants to become established in a new area which is favourable in all 
respects except for sparseness of the colonizing population (andrewartha & birch 
1954). It is just the task of biological control praxis to determine the density of the 
introduced population to prevent its undcrpopulation and extinction. Naturally, 
this is not easy and we try to concentrate the released material at a single site up to a 
certain limit. 

2. Acreage of crop, stern & v. d. boscu (1959) commenced one of their papers on 
biological control of Thcrioaphis trifolii in California as follows: “When the spotted 
alfalfa aphid Thcrioaphis maculata, appeared in California in 1954, the state was faced 
with a serious agricultural problem, for this insect threatened the very existence of 
the great alfalfa industry. Alfalfa is a basic agricultural crop in California, with an 
annual planting of well over a million acres . . The less informed people arc in 
doubt whether the relatively few introduced parasites can succeed in controlling the 
pest. In such a ease we must not forget that also the pest was initially rare, but 
favourable environmental conditions allowed it to reach outbreak numbers. If the 
introduced parasites succeed in establishing themselves successfully m such an area, 
they may play a considerable part in the environmental control of the pest. We have 
at least two examples: Thcrioaphis trifolii and Acyrthosiphon pisum and the role of the 
introduced parasites in California. 

3. Release numbers. As correctly mentioned by debach & bartlett (1964). there 
is no means by which one could reliably estimate the minimum number of any 
natural enemy which must be released in order to procure establishment. For 
example, according to v. D. bosch ct al. (1959), great difficulty was encountered 
with open-field colomzation of parasites of Thcrioaphis trifolii m California in 1955; 
somewhat better results were obtained by concentration of release material under 
field cages the following year; however, permanent colonization at all release sites 
was almost constantly successful after millions of the specimens were available for 
distribution from established colonies, barnes (1960), who colonized the parasites of 
the mentioned aphids 111 Arizona, gives a number per single site from 250 to more 
than 56,000. On the other hand, relatively low release numbers were used when 
Aphidiits simthi was introduced into Hawaii to control Acyrthosiphon pisum but todays 
results of the control are spectacular: total number released 3,605 specimens, i.e. 
Nov. i960: 750, Jan. 1961: 655, Feb.: 200, March: 2,000 (Annual report, 1960-1). 
For comparison, colonization of the same parasite species undertaken m California 
was as follows (hagen a schunger, i960) : releases started in alfalfa fields in May 193S 
and by May i960 more than 220,000 parasites had been released, the parasite became 
established even in several locations where as few as 100 individuals were released at 
the same time. In another case, the size of each colonization of Tnoxys pallidas in 
California during the Chromaplns jiiglatidicola biological control program ranged 
from less than 100 up to 1,200 parasites, a relatively small number being apparently 
satisfactory for preliminary establishment (schunger, hagen & v. d. bosch i960). 

~ Continuation of release period — The continuation of a release period has been an 
object of long discussion, debach & bartlett (1964) mentioned, as a very general 
rule, that excessive difficulty in the initial establishment of a species indicates a lack 
of adaptability to the new environment and the probability of subsequent ineffective- 
ness in providing complete control. Clausen (1951) has suggested that on the basis 



of practical experience most species that turn out to be highly efficient become 
established readily, given suitable release conditions, and indicate their potential 
ability to get the host under control within the period of three years following the 
initial release (see: recovery). 

Although these statements, being based on many y cars’ praxis and statistical 
anal\ sis, arc undoubtedly correct, we should like to add some remarks. First, in ease 
of failure of (permanent) establishment, it is necessary to carefully revise all the 
possible causes of these difficulties that were recognized during the colonization 
program (release method, character of the stand, host and parasite biology peculiari- 
ties, etc.). This could last for more than three years. Further, an introduced parasite 
may be valuable also m exhibiting partial control— just an integrated control program 
considers the partially effective natural enemies to be useful. 

Another point of view on parasite release is how often a parasite population has to 
be colonized during one year. For example, sluss (1967) made colonization experi- 
ments in 1961 and 1962 in the late summer months only, while in 1963 the coloniza- 
tion began in May and was periodically continued until August. There is no doubt 
that periodical colonization at the same plot within one year can diminish the 
influence of possible adverse conditions (weather, host aphid life-cycle, action of 
other natural enemies, etc.), as these change during the season while a single coloniza- 
tion may just be influenced adversely and fail in consequence. 

- Recovery. Sampling for recovery is undertaken about the interval when the first 
mummified aphids occur at the release site. This interval is approximately 10, 15 and 
20 days, depending on the climatic zone and penod of the year. The pest 
species, which should be attacked by the released parasite is dealt with first, and then 
we also collect samples of other aphid species to recognize the eventual adaptation of 
the introduced parasite to other aphids occurring at the release site or m the environs. 
If no mummies arc found, we collect even the living aphid material and rear it later 
under laboratory conditions with the purpose of establishing the mummies. 

- Initial establishment - The successful sampling for recovery shows that the first 
generation of the released parasite survived in the new environment and w c can thus 
consider the species to be initially established. Periodic samples arc then taken 
throughout the year and the occurrence of the released parasite is studied. The 
evaluation of results show s some release sites to be unfavourable owing to climatic 
and weather conditions, while difficulties in establishment ascertained in a large or 
prevalent part of the release sites arc a sign of a more serious matter, based on hest 
life-cycle, different dispersal of the host and parasite, etc. As the season advances we 
, c . samples in wider surroundings of the original release sue to establish the spread 
ol ine introduced population. 

Recovery samples arc taken with the qualitative intention of recognizing whether 
a parasite was initially established or not. or quantitative methods can be applied to 
recognize the effect of Afferent release numbers in the first and follow ing generations 
of the initially established population 

Imual establishment is a more or less simple matter. A number ofintroduccd 
nt vt ”• C ° mC ,im f established in tile country of introduction. The reason is 
mrsuirir»! T‘ ** dunn * ,hc ^ o( P»tul scientific approach to 

sear an I ' ri , UCUt,n * 1 lc introduced parasites arc released in a suitable period of the 
y car and in the presence of a host r 

, d „T^ ™, ml .? ub ' uW "' 


Ihc reared material from the 


up to a period of less than one year later. 
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- Permanent establishment - Under permanent establishment we understand the 
establishment of a parasite for more than one year from the date ofinitial release. One 
year isjust the period in which thcinflucnce ofscasonal peculiarities on the introduced 
parasite may become obvious, at least partially. It is well known that in the course of 
a year there arc several periods which could be critical for the establishment: these 
need not be only dimatical, but include peculiarities in tiic host life-cycle, etc. 

Although one year reveals some information, several successive years are necessary 
to recognize the true ability of a parasite to survive and occur in a given country. 
One extraordinary year may be fatal for tbe established parasite population, which is 
able to survive only average years. During permanent establishment research, we 
can also recognize the effectiveness of rhe parasite with respect ro the controlled pest 
as well as to its occurrence and spread in various districts of the country of establish- 
ment. This can be illustrated by the results of the Thcrioaphis trifolii parasite intro- 
duction program into Arizona, U.S.A. (barnes i960): Praon cxoletitin was released 
at 13 sites and recovered at 8 of them between October 1956 and September 1957. 
The number released at one site ranged from 400 to 26,000. Recoveries were made at 
or near some of the release sites and m all months. In 1957 parasitizanon was low, 
the highest observed was 1.1% in a plot where 2,200 adults were released and 6,000 
pupae. In. 1958 the parasite was recovered at only one location. Recoveries were 
more numerous and widespread in 1959. It appeared (1959) that the parasite estab- 
lished itself in south-central Arizona and spread considerably northward but did not 
increase sufficiently to be of economic importance in the pest control. Another 
parasite, Trioxys coinplanatus, was released in numbers of 384 to 4,725 between 
November 9th, 1955 and June 7th, 1957 at 13 sites. In 1957 it was recovered at 3 sites, 
widely scattered over the release areas. Parasitized aphids were found most frequent- 
ly in a release plot where 4,725 total adults were liberated. The parasite spread 
between July and September considerably, but was of little economic importance, 
the indication of highest parasitization at one release plot being 3.28 to 12.2%. In 
1958 the parasite spread rapidly and widely. There was 5 - 10%, 1 - 20%, 40 - 90% 
parasitization ascertained in various fields, the average being 14,6% ; the parasite 
evidently was of economic value in reducing the pest populations in central Arizona 
in 1958. By the end of 1958 the parasite was clearly well established in the principal 
alfalfa growing areas across the southern third of Arizona. Samplings in 1959 showed 
the further spread and abundance of the parasite; the average parasitizanon m 
February was 38%, but declined rapidly early in spring and remained low for the 
rest of the year, being only 0.16% in October. In i960 parasitization was very low 
(4.9, 7.4, 13.6% in February). Permanent establishment in Arizona of both parasites 
manifests the same features as to the local climates as in California: the parasites 
were distributed in accordance with their requirements, so that Triox ys coinplanatus 
found the hot and dry climate of Arizona favourable, while Praon exoletum preferred 
cooler and more humid areas. 

Permanent establishment is a rather important phase in the colonization program. 
As mentioned by debach & barttett (1964), in the colonization of a new importation 
the primary objective is to obtain permanent establishment in at least one locality 
which may be used as a focal point for natural spread or as a source for further 
manipulated distribution of the species. The significance of the possibility of taking 
mass-field samples became obvious during the Thcrioaphis trifolii parasite introduction 
program in California, where just the spread of the parasites was possible owing to 
the mass-sampimg material in permanent establishment plots and its release in other 
sites (sec: v. d. bosch et al. 1959, 1964). 

Similarly as in an initial establishment period, a part of the samples collected 



during permanent establishment recoveries should be preserved in collections. 

- Spread - The research of parasite spread from the original release sites is a rather 
significant part of the recovery phase of the introduction program. Data on the 
gradual spread of the parasite assist us to recognize the acclimatization of the species 
in various areas with different local climates. General maps on parasite spread in the 
country of establishment arc rather useful. They have been used m the research of the 
spread of introduced parasites of various pest aphids m California ( Thcrioaphis trtfoht, 
Acyrthosiphon pisum, Chromaplus jtiglmtdicola). 

Spread of the introduced parasite may be natural (see: dispersal, spread) or the 
field-populations, collected at the sites of establishment, may be transferred to other 
release sites (see: v. o. bosch ct ah, 1959). 

- Food chain - Permanent establishment of a parasite species in various release sites 
and results of the search for its occurrence in the surroundings of the sites arc the 
source of records that enable us to classify the position of the introduced parasite in 
the food chain associated with the given pest aphid. It is well known that we may 
never introduce a parasite into the really same environment as that of its native 
country: 


If we introduce a species to control the native pest in a country, there is a native 
community to which the pest belongs and there naturally occur some biotic agents 
that limit « to a certain degree. Thus, in this ease, the parasite must find its place in 
the community. For example, this 1$ the ease of introduction of Aphid tus snuthi into 
Czechoslovakia to control Acyrthosiphon pisum on alfalfa, where the native parasite, 
Apludms cm, plays a more or less significant role in aphid limitation during the 
season. 

On the other hand, if we have an introduced pest and try to control it by trans- 
ferring its original parasites from its home into the country of us establishment, even 
here the community is different with respect to parasites; it is well known that 
various crops arc often world wide in distribution and their fauna consists of cosmo- 
politan pests plus indigenous elements. Thus, an introduced aphid pest will be 
partially attacked by the natural enemies that occur in the country ofits establishment, 
and the introduced parasite must again find its place in these new and developing 
food chains. We can mention two examples: Chromaplus juglanduola is an introduced 
pest aphid on walnut in California. The indigenous Californian coccincllids play a 
significant role m its limitation. The introduced parasite, Tnoxys palhdus, which had 
other conditions in us native country, must adapt itself to the new interspecific 
relations. Another example is Thenoaph.s trifoln, an introduced pest of alfalfa in 
California: native parasites were brought from the Old World to California but the 
ap lid was attacked here by the native coccincllids, which caused some difficulties in 
S” 1 if paras,,cs - cvcn whc " thc parasites become successfully 

established the coccincllids play a further rather significant role and the parasite 
must develop new interspecific relations, different from those in us home. 
JET'S? ,C W ‘ ,h rc!pcc ‘ to 0,h ' r natural enemies arc not the only 
rclnnon iottl.c new environments. The punrnes may find some other 

mil i“l jT 1 ' ‘ hc n ““ or ,n ,h,! ‘""oondings. to be useful as hosts and 
Z " ?' ‘"'V, ' h °“ '“P- T1 “ «■ Foe example, the ease of Trues/. 

Lind , „ >m, \ Tl,c psrasitc attacks a number of dendrophilous calUphldld 

111rfjFi.br if. M ° nic ’ r ut ‘} waJ mtroduccd into California to control Chroimphis 

of ? r hcr i,mu &hfo,„,a, .ha. .he 

VC callmh V i " 8 C lOSt, JP f jutfwdtcota, by this transfer. Nevertheless, it found 
ici a nfrr J SpCC1CS ‘ Tmocalhs caryaefoltoe and successfully parasitized it (see: 
"•CLK, 1IACLN It V 0 BOSCH i960). 
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- Failures - World classification of the introduced natural enemies has shown that 
many natural enemies fail to become established, about 60 - 80% according to 
Clausen {1956), or if established, fail to control the host because of some slight 
shortcoming in adaptability or because of disadvantage caused by adverse environ- 
ment (debach a HAGEN 1964). Thus, failures in establishment often occur. But a 
failure in parasite establishment docs not always mean that a parasite is not capable of 
occurring in the country of introduction; there arc a number of factors that can 
cause tills failure and their action must be analyzed before any definite conclusion is 
made. 

1. Climate. Failure to adapt to the new climate is responsible for more failures in 
colonization than any other factor (debach a Bartlett 1964). Climatic conditions 
may be very similar both in the country of origin and of introduction, but the 
weather of so-called climatic areas may differ considerably in different parts of the 
area during different seasons, and microclimates will vary even more. Average 
monthly or yearly temperatures and humidities tell us little about the differences 
between localities within similar climatic areas. The insects involved arc affected 
more by the extremes of heat and cold than by the average temperature (assuming 
it to be suitable to begin with) (debach 1962). 

It is well known that climatic zones which arc rather extreme 111 heat and cold, 
such as the temperate zone and hot and districts of the subtropics, can be responsible 
for the failure in parasite establishment, although the parasite may be able to survive 
the milder periods of the year. 

The significance ofciimaticconditionscan be clearly documented by the establish- 
ment and distribution of introduced parasites of alfalfa aphids in California: of the 
parasites of Therioaphis tnfohi, Praon cxolctum was not capable of surviving in some 
areas of California where summer conditions arc rather hot and dry. Similarly, the 
same conditions were highly unfavourable to Aphidius smitlti, a parasite of Acyrtliosi- 
pho/i piston. 

X. Character of the stand. As mentioned earlier, the parasites arc generally rather 
dependent on the type of habitat in their distribution and may not be capable of 
occurring in another kind of habitat although the host aphids occur m both kinds 
of habitats. The annual or perennial character of the community is also important 
with respect to parasite conservation. 

j. Aphid host plant. Aphid host plant seems to be important in influencing the 
shape and often also the density of apliid colonics. 

4. Physiological suitability of the aphid. The physiological differences m separate 
stocks of the host aphid with respect to parasite action are rather difficult to establish. 

5. Aphid life-cycle. It is well known that the apliid life-cycle exhibits certain 
modifications depending on the climatic zone. Quiescent states in aphid development 
and migration must be carefully examined as they can influence the coincidence of 
the host and parasite considerably. 

6. Release numbers, release techniques, release period. Release numbers of 
parasites can be rather different in dependence on the life-cycle of aphids. In the 
case that the parasite must disperse to follow the aphid in the same or similar kind of 
habitat, ns released population must be initially much higher than if they both 
occur at the same plot throughout the whole season. For example, in the dioecious 
aphid species, such as Hyaloptcrus pnmi in Czechoslovakia, the initial released popula- 
tion of Aphidius trauscaspicus must obviously be much higher than it was in our 
experiments: the aphids migrate from plum trees (orchards) to reeds, and, although 
the habitats may be rather close to each other or often mixed, the parasite is unable 
to spread very well when following the aphid as it prefers lower instar aphids to 
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parasitize, mass-release and mass-occurrence of the parasite on plum trees could 
increase this probability, while low parasite populations arc unable to survive in 
plum orchards after the migration of aphids. Release date and release period could 
be responsible for parasite failure owuig to unfavourable weather conditions. 

7. Selection of unsuitable strain of parasite. Although the importation of material 
originally reared from the same host in us home is generally preferred, the introduced 
stock can be reared from another host, if the pest is attacked by the parasite in a part 
of its distribution area at least. However, there may be certain strains or races, which 
fail to establish as parasites of another host, the pest, in the country of introductio 1. 
For example, a stock of Lysiphlebus testaceipcs from California would fail to control 
Aphis spiraecola in Europe or in the Far East, as the parasite attacks the aphid in 
California but docs not complete its development on it. On the contrary, stock of 
the parasite obtained from Cuba could be successful, as the parasitization of the 
aphid by this parasite in Cuba is common and the parasite development is complete. 

8. Searching ability of the parasite. This is a rather important phenomenon. 
When the host becomes scarce, the parasite must be able to find it also at such low 
densities otherwise it will fail to survive during the period. 

9. Lack of alternative hosts. A parasite is often introduced into a country where 
its alternative hosts do not occur. Consequently, the parasite is much mote vulnerable 
through the seasonal lack or low density of its single host species, as it cannot find 
other hosts m the environments. For example, the lack of alternative hosts is known 
to cause failure in permanent establishment of AphiJius snutlsi m some districts of 
California, where the host aphid is temporarily absent because of unfavourable 
weather (see: v. d. boscii ct al., 1966). 

10. Spread and dispersal. Spread and dispersal mean that a parasite population 
becomes rather scattered in another plot and fails to establish because of lack of 
mating, etc. Slowly dispersing species are less handicapped m this respect (debacii * 
bartlett 19G4). Dcutcrotokous and thclyotokous parasite populations arc more 
useful here as they do not need to mate and their populations can establish although 
originally rather scattered. Naturally, the density of the spreading population and 
mode of spread are rather important. 

f P t. rn i anCnt csta ^ ,s ' lmcnt °f 3 parasite depends also on the spread and establishment 
ot the host. For example, as mentioned by dickson (1962), Therioaphis trifoUi was 
introduced into North America in 1953, only parthcnogcnctic populations being 
known. Consequently, during the following years of its rapid spread and cstabhsh- 
ment to new areas it reached a northern limit over which it did not reproduce because 
it did not seem to produce viable eggs and consequently was not able to survive the 
winterpenod in such areas winch were rc-mvadcd each summer. It is obvious that 
™L Par u tCS WCIC na , tU : aUy n0t ca P ablc of establishing m such areas permanently 
!dennf 1 M t r CVCr V 1 ^ Stram of thc *P hd *** later developed, which u 

t h, , , by n* ab ‘ lty ‘°P roduce scxualcs and overwintering eggs on alfalfa during 
m wb r? ° f ^V hc ^ 15 now P rcscnt throughout the year in areas 

cxtwr , 1 , 1 . .1, * prCVIOUsly a la ' c - $cason migrant or totally absent. We can therefore 
the Dcrmancn, 6 ^ T™ CStabl,shmcnt the aphid will also soon be followed by 
the permanent establishment of at least some of ns parasites. 

and fun<r, n ^!!l 0 ° l f* natura ^ cncmlcs - Other natural enemies, especially predators 
for failure in 'rV, 1 " u* ° f lntroc * ucc< *’ ,n an earlier period, could be responsible 
thc initial oonnl ? CSU ldlmcm introduced parasite populations, especially if 
confined releas/ re atlve ^ * ow Higher release numbers arc necessary or 

mCtW ‘ mUSt bc a PP hcd to P™ent the competitive action of 



12. Insecticides. Accidental and unexpected treatment by a non-sclcctive insecti- 
cide can eliminate an established parasite simultaneously with the pest. 

13. Agricultural practices. Some practices, such as harvesting, liavc an adverse 
influence on the parasite establishment, as they strongly influence both the micro- 
climate of the stand and density of the host population. 

Most of these factors do not take place individually, but in a complex with other 
factors, they often condition each other. It would be advantageous to follow a 
certain scheme and revise the separate parts of the program gradually in order to 
recognize the possible reason for failure in parasite population cstablisluncnt. 

- Parasite effectiveness evaluation. Evaluation of the relative effectiveness of natural 
enemies ofthe pest on a given crop or in a given ecosystem is a fundamental pre- 
requisite to intelligent attempts to manipulate an insect population ecologically. 
Evaluation should be one ofthe first procedures, if not the very first, to be carried 
out in any new biological natural project. It furnishes a scientific ecological basis for 
applied biological control which otherwise would be largely empirical. Thus, if the 
potential capacities of all natural enemies on a given crop become known, the need 
for new importations or manipulations is evident. Evaluation should also point out 
or help the reasons why certain natural enemies fail to attain their potential (debach 
&' BARTLETT 1 964). 

- Qualitative methods - Qualitative methods of evaluation of introduced parasite 
effectiveness have both positive and negative features. Their extensive character 
allows us to cover a relatively great area in a short period, in general, we are able to 
recognize whether the parasite is established and whether it seems to be effective or 
not. Naturally, such an evaluation is a rather subjective matter, and it was correctly 
stressed by debach & bartlett (1964) that much will depend on the wisdom, training 
and experience of the individual invesngator. On the other hand, this is not an exact 
method and it could lead to misleading results as we cannot determine the role of 
separate factors which take part in influencing parasite effectiveness. According to 
our opinion, this method is useful when applied m early stages of a parasite introduc- 
tion program, when the parasite starts to become a member of a community, or on 
the contrary', at the period of permanent and long establishment, when the effective- 
ness is generally known and well proved so that no new data are necessary'. 

— Quantitative methods — In the quantitative evaluation we use the same 
methods as when sampling populations of the indigenous parasites and establishing 
their effectiveness. These methods are dealt with in the chapter on natural 
limitation. Of these methods the stem-counting or leaf-counting seems to be the 
most useful, the percentage of parasitization being determined by dissection of 
the aphid material. In this connection, too, we should again stress the complex 
character of parasite effectiveness, as everywhere in this book. We can mention here 
the rather illustrative standpoint of simmonds (1948): in order to gain some true 
idea of the value of a parasite species as a controlling agent it is necessary to study it 
in the field over a range of conditions, when its effectiveness is usually’ expressed far 
better in general terms than by a series of “percentages of parasitism”, although the 
latter may be of use in conjunction with such a general description, debach sc Bart- 
lett (1964) strongly supported this standpoint, emphasizing that figures on per cent 
of parasitization used alone — as is often done — are of little value in predicting host 
population trends in the next generation; it can be shown by simple arithmetical 
models that in one case 98% parasitization will be sufficient to keep the host from 
increasing in the next generation, whereas with another species of parasite and host, 
60% parasitization could result in a decrease. This merely serves to illustrate that a 
high degree of parasitization in itself docs not indicate an effective parasite. Ideally, 



population sampling should show long-term trends of actual mortality caused by 
the parasite, predator, or combination being studied. In order to do this, periodic 
samples must usually be taken over a period of several years and should take into 
account the number of generations of natural enemies to one of the hosts. Thus, a 
parasite population ma\ have to be sampled several times during one host generation. 
The authors cited further correctly stress that many of the attempts to evaluate 
natural enemy effectiveness have been based upon periodic partial census of the host- 
natural enemy complex without taking into account mortality caused by other 
environmental factors. 

- Anal) sis of ineffectiveness - An introduced parasite may be found ineffective, 
either due to the failure of establishment or it may become established but it operates 
below its potential effectiveness. Anal) sis of factors that could be responsible for 
such ineffectiveness must then be undertaken. 

DCBACH & iiAcr.N (1964) summarized the factors in a rather useful review, as 
follows, abbreviation plus or minus with respect to the significance of separate 
factors in aphid parasites being added: 

In the general habitat these factors include: 


1. Adverse climatic factors such as heat, cold, low- humidity, rain, wind (+). 

2. Unfavourable host plants which fail to provide sufficient shelter or otherwise 
be unattractive {+ ; but the role of host plants is even more complicated). 

3. Scarcity of water or of food for adult parasites owing to lack of pollen, honey- 
dew or floral nectar ( — ; the parasites feed on hone) dew, their adult food is present 
together with the host). 

4. Severe competition with other species which may be constant or intermittent 
(+ ; predators, fungi, indigenous parasites). 

5. Adverse effects of toxic chemicals applied to the crop or habitat (+)• 

6 . Adverse effects of cultural practices (+). 

(7), We should also add lack of alternative hosts. 

The host insect may be unfavourable or unsuitable: 

1. Because of unsynchromzcd voltinism between the host and natural enemy or 
because of unsynchronized diapause (+; aphid migration should be added). 

^ 2^. Because the host plant confers rcsistcncc on the host insect to the natural enemy 

3. Because the host insect represents a biological strain unsuitable to the natural 
enemy (+). 


4. Because suitable stages of the host arc periodically unavailable or scarce, so that 
enemy populations arc decreased (+). 

The cntoinophagous species itself' 

1. ovarian diapause migration, or aggregation away from the host population 
in^hc hos*! hfc^d^) + ’ ^ 3ck of cocxlitcn ce with the host is due to peculiarities 

ntC ,° frCpr0dm,0n c,thcr anally or constantly which, »f further 
Unf — Wi*. enables the host population .0 

Jtacy ?oTp®T4+r d “““ c ’ conccn,cd ' , " h ,nab,l “> - “ “ ma “ or ” ,lh 

°T° n! ° f VlnOU ‘ °» "!>c definition of . parat..c 

Tear , hen f d 1° ’“'l'™'''' (■«■) denved hit three-generation. three 

'“ ly “ biological project, accordSg to .hi. deto- 
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fully effective parasite or predator is believed to be easily and quickly established, 
while failure in establishment is an indication that it will not be fully effective after 
establishment is achieved, clausen gives several points with respect to which coloni- 
zation may be discontinued after three years if there is still no evidence of establish- 
ment (colonization in each distinct climatic zone occupied by the host; colonies 
adequate in size and number; synchronization of releases; adequateness of recovery 
collection; biological factor directly affecting continued reproduction not involved). 
clausen’s opinion was discussed by Thompson (1951), sellers (1953) and others. 
sellers believes that rliree years are nor sufficient to recognize the effectiveness of an 
introduced natural enemy. In our opinion, three years arc not enough to solve all the 
problems connected with the elucidation of the influence of factors mentioned by 
clausen, especially when the host and parasite biologies arc poorly known. Further, 
clausen requires a full effectiveness of a natural enemy. In our opinion, first, a 
fully effective natural enemy seems to be rare, at least in natural enemies of aphids, 
but we meet a complex of natural enemies in nature; secondly, a fully effective 
natural enemy is a requirement of biological control, but with respect to integrated 
controljust the partially effective natural enemies arc important. 

On the basis of analysis of the factors which could be responsible for parasite 
ineffectiveness, parasite augmentation and conservation may be dealt with. 
-Augmentation -Periodic colonization. To cnhince the population density of the 
parasite, periodic colonization should be undertaken. This method was found to be 
useful during a parasite initial establishment period (parasites of Therioaphis trifolii 
in California: see: v. d. bosch etal. 1959) in Arizona; barnes 1960; parasite of Chront- 
aphisjtiglandicola in California; sluss 1967). 

Development of adapted strains. This seems to be a perspective method in aphid 
parasites. 

Introduction of better adapted strains. Two strains of Trioxys pallidus were intro- 
duced into California. The stock from France was released, while another stock was 
later introduced from Iran which was probably better adapted to the conditions 
which occur in some warmer interior valleys of California (v. d. bosch et al. 1962). 
This seems also to be a matter of further research in aphid parasites. 

- Conservation - Introduction of economically indifferent alternative hosts. Alter- 
native host! presence isof/undamcntahignificance. The alternative hosts (v. d. bosch 
& telford 1964) damp oscillations m parasite and host densities, maintain functional 
parasite populations during low density periods of preferred hosts, provide suitable 
overwintering hosts, facilitate maximum parasite distribution, etc. In our opinion, as 
mentioned earlier and supported by an example, it could be useful even to introduce 
alternative hosts of the parasites, Le. such species of aphids which are monophagous 
or rather restricted in their host plant range and attached to economically in different 
weed plants. 

Hibernation sites. This means practically to protect the chrome foci of introduced 
parasites. There seem to be difficulties in protecting hibernation sites of parasites 
released on annual crops, shands et al. (1965) when dealing with the introduction of 
Aphidhis malricariae populations to control some potato aphids in Maine, U.S.A., in 
order to aid survival of the parasites during the first winter after release, cut many of 
the potato stalks in one field in the autumn and took them to the edge of the nearby 
woods so that autumn or spring ploughing in the field would not cover and destroy 
the parasites hibernating inside the aphid mummies. 

zones. The perspective of biological control of various pests in separate climatic 
zones has been a subject of many discussions. Statistical records have shown that 
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most successes in biological control were reached in areas of warm or at least mild 
climates. 

There is no doubt that the statistics arc true. Nevertheless, with respect to the 
aphids, one should bear in mind that aphids arc temperate-subtropical as to their 
origin and the greatest part of their species arc found in these areas, while only a 
minor part occurs in the tropics, being either an indigenous or widely distributed 
(cosmopolitan) species. The distribution of their parasites, the aphidiids, is similar 
with respect to the zones. These features throw a different light on the biological 
control of aphids by parasites. 

The following records arc obtained when we separate the eases of practical 
biological control of aphids by parasites into separate climatic zones. Intentionally, 
we selected only eases where introduced parasites were used and the records arc 
sufficiently sansfactory both as to the host and parasite, recovery records occur, etc. 
Abbreviations: establishment (■+), no further records available or the work is in 
progress (?), no establishment ( — ). 


Temperate zone. Atyrthosiphon pisum: USA, eastern states (+), Canada (?), 
Czechoslovakia (?), Poland (?). Hyalopterus prunt: Czechoslovakia (?). Megoura 
viciae: Czechoslovakia ( — ; field experiments not satisfactory). Myzus persicae: 
USA-Mainc (?). 

Subtropics. Atyrthosiphon pisum: USA, western states and California (+). Aphis 
gossypii: USA, California (?), Aphis spiraecoia: USA, California (?). Brevicoryne 
brassicae: Australia (+). Cavmella aegopodn : Australia (? +). Citromaphis juglandicola: 
USA, California (+). Thmoaphis tnfohi: USA, California (+), USA, western 
states (+), Mexico (+). Toxoptera aurantii : USA, California (+). Tuberculoidts 
amiulalus: Tasmania (+). 

Tropics. Atynhosiphou pisum: Hawau (+). Aphis neni: Hawaii (?). Various 
aphids: Hawaii (?). 

These records seem to show that biological control work has been undertaken in 
more or less the same way in all the zones. However, the projects of Californian 
w orkers have been elaborated best, on a very broad basis, while a number of other 
records did not bring more precise results; there seems also to be a disproportion 
between the team work and work of individuals because of the state of research. 
These factors, perhaps, seem also to have an influence on the prevalence of success in 
the subtropics and tropics. However, if we deal with the objects of control in Cali- 
fornia, in detail, it is obvious that all the pests controlled are introduced species, 
occurring in stable stands and such features naturally influence the probability of the 
success of biological control in a positive way. 

In general, the number of successes in biological control of pest aphids as control 
objects seems to be low for any generalization with respect to zones. We may 
Pt u j l C L fy tHc Utuat,on m such a way that while biological control work of 
aphids has become well organized in some subtropical and tropical countries, its 
development in temperate zone is at a more or less initial stage. There is no doubt 
hat each separate zone has us own peculiarities, which may be both useful or 
adverse with respect to biological control of aphids by parasites. 

“V' Sh0U l d IUVC P crha P» to emphasize that biological control U 
™Z?K ,n £? rdanCC | W, ‘ h a c 5 mi " degree of success; nevertheless, also partial 
C ° m , "l' 1 r ful . m ‘ hc rcccm *rend of integrated control. Thu 
criterion shod J stimulate biological control acuvuics 

I , “ L n , C COVC " arca » ,n a!1 thc ehmatic belts of the world. Hosv- 
TrZl XTlT u b ' C iUCh 3 ‘ Monc dc *r.s, « includes a number of 
w hich have suitable soils, but the andit> makes them unsuitable for cultivation. 
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The climate of the arid zoneof the U.S.S.R. is temperate, of a strongly continental 
character. Winters arc severe, summer periods hot and dr}'. 

If wc summarize the situation in the arid zone of the U.S.S.R., it is obvious that 
there are tw o groups of aphid pests, which attack the grown crops: on the one hand, 
there are species which arc the common and widely distributed pests associated with 
the cTOp, which have become distnbuted by following the crop cultivation in the 
arid zone, their distribution from other districts was gradual and they were followed 
bv more or less complete complexes of indigenous natural enemies. On the other 
hand, there are native species associated originally with the virgin communities, but 
which have become adapted to the crop environments. There is the big problem of 
reservoirs of the aphid pests outside the cultivated crop fields and seasonal dispersal 
of the aphids to the crops. The climate is temperate. 

- U.S.A. The greatest attention has been paid to arid zone problems in California 
and Arizona (b MINKS i960, v. D. bosch ct ah, various papers, dickson a laird 1959. 
srYNOLDS & andlrson 1955. SMITH >959, and other papers dealing with biological 
control in California and Arizona). 

Problems of the and zone connected with irrigation in California were summarized 
by SMITH (1959)- Insects arc classified to represent serious problems in irrigated lands. 
However, native insect species that have become major problems in irrigated 
regions in California’s irngatcd crops arc introduced species ( Tltcrioaphis tnfotit). 
Irrigation enables the rapid spread of the introduced pests because the physical 
environment is suitable and the food supply is almost unlimited during the major 
part of the year. The situation as to insect pests and irngatcd lands in California is 
summarized in that there will be more insect problems with the development of 
irrigated agriculture, but the reasons for this arc not primarily the result of irrigation 
development or practices, the reasons lie with the introduction of insects without 
their natural enemies, large monocultures, and the elimination of weeds that serve 
as shelter and reservoir of natural enemies. 

The climate of California is subtropical, with very different microclimates in 
various districts. The winter period is mild, while the summers are hot. 

If w e summarize the sittution in the arid zone of the U.S.A. (California, Arizona), 
it 1$ obvious that most of the pests arc introduced species, winch have become 
widely distnbuted over the irngatcd lands because of this suitable environment. 

- /Yi'ffeiM. biological control problems in an and zone become obvious from the 
main pcculianties of this zone: first, the occurrence of indigenous communities, 
second, cultivation of virgin lands and the development of new ccos) stems associated 
with crop grossing in climatically and districts. 

The development of the new ecossstems is rather important. As already shown, 
the irrigated lands represent rather favourable environments for certain species and 
increase of their populations: species of the indigenous fauna occur there and new 
immigrants appear in such areas, cither due to gradual spread from other areas of 
crop grossing or due to accidental introduction by man. In ever} ease, tbe irrigated 
land environment decreases the influence of adverse climatic conditions as can be 
seen from the development of plant communities of a virgin and cultivated character: 
at I he period, w hen the virgin communities become burnt bv the sun during the hot 
summer, the irrigated crop fasourabls survive. 

Irom the biological control point of view, it is rather important whether an 
»p tiJ spues occurs pi«icalla cmls in cultivated lands, or whether it h aim associated 
, ’“’’VI f vw P n itui c *»h« vales! lands The origin of the pest is also important 

ceouse of the presence or lack of associated natural enemies When a pest aphid i» 
L-tftH. Js ru species and depends on the cultivated crop as to its occurrence, its control 
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to be less difficult as the natural enemies can be introduced and the pest can be 
der their control for at least a great part of the year. This is, c.g., Therioaphis 
in California. It seems, however, that in a greater part of the arid zone there 
sts, either indigenous or introduced, which arc connected both with the virgin 
[unities and cultivated lands. This situation is more difficult as the reservoirs 
lids occur continuously in the area and the pest disperses seasonally from there 
tacks the crop; annual crops are an especially hard problem from this respect, 
s, c.g., the problem of Aphis craccivora on cotton (C. Asia). In this ease, the 
hould be controlled both in virgin and cultivated communities (see: multi- 
l control). This control could be at least partially reached by conservation of the 
:nous or introduced parasites at the places where the sources of the pest 
Alternative hosts of parasites seem to play a significant role in cnablmg the 
lation of parasites to occur contmuously at such places. For example, in Soviet 
sia, Salix trees arc commonly attacked by Aphis farinosa, wjiich is a holocyclic 
lecious aphid. This aphid is one of the common hosts of Lysiphlcbus ambiguus, 
c host range covers a number of vanous other aphids, including Aphis craccivora. 
could expect that mixed shrub communities, where botli Salix and Robinia 
loacacia occur being associated with Aphis farinosa and A. craccivora respectively, 
d also mean that the parasites attacking both the hosts, should limit the popula- 
of Aphis craccivora that emigrate from Robima stands to cotton fields. We 
1 expect the parasites also to disperse to cotton fields, as, however, their dispersal 
>w when compared with the pest aphid, integration of control could then 
w. Further research is necessary in this respect, but it is obvious that purposeful 
ipulationofthe environment in accordance with parasite action could be useful, 
lother problem is the selection and introduction of parasites to be established in 
ated land environments. We have already mentioned that the physical environ- 
t of irrigated land differs from that of virgin lands. Consequently, we can expect 
there might occur successfully also the introduced species unable to survive in 
ill lands. This scope gives a wide field in parasite introduction possibilities. The 
position of pest aphid fauna of crops grown in irrigated lands, where a number 
ndely distributed pests arc found, shows the obvious perspective of biological 
:rol of aphids by parasites in the arid zone. 

-ANDS. In the either periods of biological control history, islands were supposed 
e the areas where biological control could be possible and successful, while some 
bts were thrown on the biological control in continental areas. If certain successes 
e reached in certain parts of a continent, such districts were classified as “ecologi- 
islands” (imms, 1931. see: debach at schlinger, 1964). 

hese opinions, which had apparently been caused by the unequal level of biologi- 
control in islands and comments, were later deeply criticized and analyzed. One 
hese authors, Thompson (1928), may be mentioned, who has clearly shown the 
: position of continent-island biological control relative value. He carefully 
lysed the problematics of biological control in continental areas and showed that 
parasites of insects inhabiting continental areas play a real part m the natural 
.nation of their hosts. The increase and spread of the hosts-pests appears when the 
:cr are transported to new areas where they escape from the action of natural 
:mics which are not replaced by any effective species m the new environments, 
c absence of natural enemies in the new environment seems to be the cause of 
: increase of the imported species and this is the reason for importing parasites in 
attnental areas (debach & schlinger, 1964). 

Thompson raised three objections as to the use of biological control m continental 



1. Comparison of the continents of Europe and N. America. There is a similarity 
between the biota of the two continents. The indigenous insect faunas of both these 
comments have in common many of the principal genera of injurious insects, and 
what is true of these pests is also true of their parasites. 

2. The transfer of phytophagous insects from the Palcarctic to the Nearctic 
region and vice versa should not produce any marked change in their economic 
status, in so far as tlus is regulated by their natural enemies, since there exists in both 
regions a variety of similar parasitic species of polyphagous but of similar habit, 
apparently sufficient to replace automatically those by winch the introduced insect 
was controlled in its native country. 

3. Behaviour of hyperparasites. If a primary parasite is introduced into a new 
country, great care being taken to prevent escape of the secondary forms, the primary 
parasite is attacked m the new environment practically to the same extent by an 
almost equal great variety of hyperparasites. 

The possibilities of successful biological control seem therefore to be equal both 
in the continental areas and in islands, although the relatively higher proportions of 
successful control has been obtained in islands(aftcr dlbacii & sciilinger, 1964). 

Although Thompson’s conclusions arc generally true for the aphid-parasite group 
as well, tn our opinion it is necessary to note the following: there is no doubt that 
Europe and Nearctic America have a number of common features. Nevertheless, 
the similarity is the greatest in the northern parts, being gradually less, while the 
diversity is greater southwards, (see Geographic distribution, stary , 1967). Naturally, 
there occurs a similar floristic zonation as in Europe. Nevertheless, according to the 
results obtained in connection with the research of different fauntstic complexes of 
parasites in the Palcarctic and Nearctic regions, there are no close relations between 
these continents except for the northern parts (forest tundra zone); certain connec- 
tions of a closer character occurred apparently in much earlier times of geological 
history. 

With respect to the relations of the members of separate faumstic complexes to an 
introduced apiiid species, such newly introduced species is usually attacked by the 
members of indigenous faunistic complexes, while exceptions may be found in 
eases of very strictly taxon omically-ccologically separated species (details, stary, 
1967). 

- biological control. According to our studies based on the comparison of aphid 
and parasite fauna of separate islands, the basic and most important features with 
respect to biological control is the type of island, the kind of climate bemg also 
rather important. Although there arc no strict differences between the continental 
and oceanic blinds, the entena used being true to a various degree in various groups, 
such classification of islands has been found to be acceptable for the biological control 
of aphids by parasites. 

The aphid parasite fauna of continental islands exhibits the main features of the 
parasite fauna of the neighbouring comment. Although the separate aphid-parasite 
food chains arc less in number of parasite species, the main scheme of such food 
chains remains the same both in the island and m the neighbouring continent. 

In the oceanic islands, on the contrary, the fauna has no relative indigenous fauna 
in the neighbouring continents. It is composed of elements of various origin, which 
form peculiar food chains Although there may be a certain similarity due to the 
influence of the main, although at a far distance occurring continental fauna, the 
oceanic iauna continues to exhibit peculiar island features 

In the biological control of aphids by parasites m continental islands generally the 
same rules as in the comments can be applied. 
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Oceanic islands (in the tropics namely) exhibit peculiar features that allow a wide 
selection of parasite species to be introduced. 

- Review. Biological control of aphids by parasites in islands docs not represent a 
widely distributed trend. This state corresponds naturally to the world level of 
applying the 3 phidiid parasites as control agents, which may be mentioned as a trend 
of the present day, if some eases of the past years arc omitted. 

Biological control activities have been really undertaken in Hawaii and Tasmania, 
while only the basic research or projects of biological control, ere., have been known 
in the other islands. 

- Tasmania - Substantial success in biological control of the callapliidid aphid 
Tubetculoides annulatus by the introduced aphidiid parasite Trioxys pallidus from 
Europe (Gr. Britain) is mentioned by debach (1962). 

- New Zealand - Only few records on aphid parasites arc known from this area, 
although aphid fauna research has been on a good level. 

Biological control of aphids in this area would be rather interesting, and it would 
be important to know the biological control peculiarities in the southern hemisphere 
temperate zone. 

- Hawaii - Hawaii has been generally mentioned as a typical "biological control 
country” of the tropics of the Pacific area. This is also true as to the aphid parasites 
as agents of biological control. 

The research of the aphid fauna lias been continued smee about the beginning of 
the century, some records on aphid parasites being simultaneously mentioned. The 
level of basic research has enabled valuable records to be obtained on the spread of 
immigrants— both pest aphids and parasites — over the Island. 

In 1917 a Triaxys species was introduced from California, nevertheless, no success- 
ful recovery followed. 

In 1913 an Aphidius and Lysiphlebus speacs were introduced from Japan to Hawau, 
but no recovery has been made (swezey, 1931). 

In 1923 Lysiphlebus testaccipes was successfully mtroduced from California and has 
become successfully established over the Island, attacking a number of different 
aphids (fullaway, 1924). 

In i960 Aphidius smithi was mtroduced from California and has become success- 
fully established (davis, 1961, etc). 

In 1965 an introduction of Lysiphlebus testaccipes from Mexico was made for 
control of Aphis uerii. 

Besides these parasites a number of aphid predators have been introduced in the 
present days. 

Hawaii may be characterized as an area of apparently useful possibilities of 
aphid control by parasites. Of oceanic island character, the tropical climate, 
composition of aphid fauna, and the level of basic research both of aphids and 
parasites represent a good field for biological control activities. The biological 
control in Hawaii, besides its direct economic significance for the Hawaiian 
area, would be rather useful as an example of biological control of aphids 
by parasites in tropical oceanic islands. All presumptions seem really to be at 
hand. 

The comparison of some neighbouring islands has shown that biological control of 
aphids would probably be rather useful there as m the case of Hawaii. For example, 
swezey (1942) has reported Aphis gossypii, Rhopalosiphuni maidis, Aphis tierii, ? 
Peiitalonia uigroiiervosa, and some other aphids, from Guam island, while an Aphelimts 
parasite has been mentioned. In this case, the introduction of some parasite species of 
the “Aphis” group parasites could be useful. 
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- Cuba - Its climatic characteristic is almost tropical, with the corresponding 
aplud fauna. The number of aphid species ascertained in Cuba is compar- 
atively high (over 70 species found by holman, unpubL communication), 
nevertheless, thenumber of pests is much lower. They are : Aphis cracavora, A.gossypii, 
A. spiraccola, Brevicorytte hrasstcae, Cerataphis spp., Hysteroneura setariae, Lipaphis 
pseiidobrassicae, Myztts persicae, Pentaloma mgronervosa, Rhopalosiphum maidis, Sipha 
fiava, Toxoptera aunmtii. 

Biological control activities have been undertaken recently by the author in 
collaboration with Cuban workers. In the first phase of the research, basic research 
with respect to biological control was made, the following results being obtained: 
Taxonomic research of the group in Cuba (description, distribution, habitat, host 
specificity, world host range, hosts and localities in Cuba, notes on the economic 
significance), key to the genera and species, host specificity, seasonal history, foci in 
nature, origin of fauna, natural limitation. Biological control problems have also 
been dealt with, resulting in elaboration of biological control projects of the mam 
aphid species, economic pests (stary 1967). Further work in applied biological 
control should follow. 

Lysiphlebus testaceipcs material from Cuba has been experimentally introduced 
into Czcchoslovakia(laboratory) for biological control of aphids in greenhouses of the 
temperate zone, and biological control of some pest aphids in some subtropical 
areas. 

The results obtained in the research of aphid parasites of Cuba seem to be applicable 
also to other islands of the Carnbcan. The composition of the aphid fauna of Puerto 
Rico (smith ct al., 1963) at least shows a sinking resemblance, in other islands the 
aphid fauna may be poorer, while the pests remain probably the same (sugar cane, 
citrus grow mg, etc.). 

- Analysis of successes. Generally, we have comparatively little to analyse, practically 
only three successful introductions— that of Lysiphlebus testaccipes and Aphidius 
smilhl into Hawaii, and Trioxys pallidas into Tasmania. 

Aphidius simthi is mentioned as being highly effective and the introduction is 
classified as a spectacular case of biological control. In this case, the combination of 
tropical climate (influence on aphid and parasite biologies), perennial character of the 
community (alfalfa) and useful biological features of the parasite species seem to be 
responsible for a similar success. 

Lysiphlebus testaccipes, although being successfully established in Hawau, docs not 
seem to reach such an effectiveness. Multiple introductions will apparently be 
necessary for the control of pest aphids in the island. 

Tnoxys Pf^us is mentioned as substantially successful in controlling the callaphi- 
did aphid Tulxrrculoides annulatus in Tasmania (sec. debach, 1962). 

Summanzing, there is little material to show whether the biological control of 
aphids m islands is economically valuable or not. This state corresponds to the 
rcscarc cve . Nevertheless, biological control is principally the same in comments 
as in the islands, so that we have to expect that the research will successfully develop 
and further valuable results such as those that have been obtained in the past and the 
present day will be reached in various countries 
— Aphids — control objects — 

Acpthosiphon pi sum 

Aphs^Mt ,wa JtUt Sm,lu ,n Hawau ’ ,ntr °duccd 1960, outstandmgly effective. 

Pe^iv^ In Hawau * lntr °duccd 1923. partially to substantial- 
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Aphis gossypii 

Parasite: Lysiphlcbus test acci pcs. In Hawaii, introduced 1923, partially to substan- 
tially effective. 

Aphis ncrii 

Parasite: Lysiphlcbus testaccipes. In Hawaii, introduced 1965, substantially effective 
(in natural enemy com plex). 

Longitmguis sacchari 

Parasite: Lysiphlcbus testaccipes. In Hawaii, introduced 1923, substantially effective 
in natural enemy complex. 

Rhopalosiphum maidis 

Parasite: Lysiphlcbus testaccipes. In Hawaii, introduced 1923, partially successful. 
Toxoptcra aurautii 

Parasite: Lysiphlcbus testaccipes. In Hawaii, introduced 1923, partially to substan- 
tially successful. 

Tuberculoides annulatus 

Parasite: Trioxys pallidtis. In Tasmania, introduced 1939, substantially successful. 
According to these records substantial to outstanding results have been obtained 
through introduction of various parasite species m island areas. 

- Parasites - control agents - 
Aphidius smithi 

Aphid: Acyrthosiphon piston. In Hawaii, introduced i960, outstanding effcctivity. 
Aphidius sp. 

Aphid: “Aphids”. In Hawaii, introduced 1913, unsuccessful establishment. 
Diaeretiella rapae 

Aphid: Brevicorync Irassicae. In Hawaii, introduced 1902. 

Lysiphlehtts testaceipcs (Hawaii - 1923) 

Aphid: Aphis gossypii, A. aaccivora, Rhopalosiphum maidts, Longitmguis sacchari, 
Toxoptera aurautii. Introduced 1923, partially to substantially successful. 

Lysiphlcbus testaccipes (Hawaii - 1965) 

Aphid: Aphis uerii, in Hawaii, introduced 1965. Effectiveness: No records as yet. 
Lysiphlehtts sp. 

Aphid: “Aphids”. In Hawaii, introduced 1913, unsuccessful establishment. 

Trioxys pallidus 

Aphid : Tuberculoidesanuulatiis. LiTasmania, introduced 1939, substantially effective. 
Trioxys sp. 

Aphid: “Aphids”. In Hawaii, introduced 1907, unsuccessful establishment. 

The results have been classified as outstanding, substantial and partial, according to 
DEBACH(l962). 

— Hawaii - an example of biological control - The history of biological control of 
aphids by parasites in Hawaii has fortunately been connected with the world level 
of this research. Because of its suitable tropical climate and oceanic island character, 
rapid progress of agriculture, etc., it has become an area of intensive entomol- 
ogy research work in many directions. The research of island fauna was very deep and 
careful, and this has enabled the registering of new immigrants, their gradual 
spread over the island, damage caused to plants by new pests, etc. These activities have 
been in progress up to the present day, representing a value of many years experi- 
ments. 

The research of aphids and then the research of their natural enemies was practi- 
callybcgun at the beginning of the century (fuha way, 1912, timberlake, 1918, etc.). 
It was soon recognized that aphids represent an important group of insect pests and 
biological control activities resulting m introductions of parasites from abroad began. 



iii 1907 a Tnoxys species, a parasite of an orange aphid, was sent from California 
to Hawaii (swezey, 1931). No recoveries of this parasite were made, 

I11 1917 an AphiJttu and Lysiplilebus species were introduced from Japan to Hawaii, 
how ever, tins experiment was unsuccessful as w'cll (swezey, 1931). 

Both the biological control activities of 1907 and 1913 were apparently a result 
.nore of enthusiasm than true research work activities as there were no records on the 
biology, hosts, etc., nor taxonomic identification of the species. The records like 
“parasite of plant lice” show that there was a poor know ledge of the significance of 
host specificity, etc., of the parasites, these being probably supposed to be "polypha- 
gous”. This state was in agreement xvith the corresponding ideas of the group at 
that time. 

In 1923 Lysiplilebus testaceipes was sent from California to Hawaii (fullaway, 1924. 
swezey, 1931), parasitizing Aphis qossypii, A. aaccivora, Toxoptera aurantn. P. H. 
timui shake has sent tlus parasite in numbers from California for colonization in 
i la wau. This selection must be classified as of first class quality as to the idea, timber- 
lake lias apparently selected accidentally this species, nevertheless, it is just one of 
the species which arc extremely both widely specialized and distributed, covering 
some areas of the temperate, subtropic and tropical zone. The colonization of the 
parasite lias been successful and the species soon spread over Hawaii and the allied 
islands: 


Lysiplilebus Icstaceipes, its introduction and spread in Hawaii (1923-1946). 

1923, introduced front California (fullaway 1924), (Notes and exhibitions, 1924)- 

1927, Rhcpalosiphwn maidts (timbduake, 1927; hypcrparasites in Hawaii ascer- 
tained). 

1928, Aphis sp. on Phascolus (Notes and exhibitions, 1928). 

1929, Lon^iuu^uis satchari on sugar cane (Notes and exhibitions 1929), in a green- 
house^). 

1929, Aphis trauwota, in Molokai (swezey & bryan 1929). 

1929. Aphis gossypii (iuisgwortii, 1929). 

1931, aphids on Hibiscus (Notes and exhibitions, 1931). 

1941, Aphis gossypii, Isl. of Midway (biancui, 1941). 

1946, Rhcpalosiphum maidis hoidaway * nisiiida, 1946). 

1946, K/iepaWp/uim maiJis (Notes and exhibitions, 1946) (mentioned to be effective, 
nevertheless did not prevent the heavy infestation of new com plantings, 
so that insecticidal control of the aphids was necessary.) 

t96j another stock introduced from Mexico to control Aphis ucrii in Haw aii. 

Although this parasite is rather effective, it seems that it has not become so effective 

as o prevent ap 1 outbreaks. According to our opinion, introduction of other 

parasites is recommended. 
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subtropics and tropics — seems to be useful in biological control. The basic research of 
the fauna has resulted in obtaining valuable records on the peculiarities of island 
fauna, connections between the various continents — migration routes of the parasite 
fauna, spread of parasites, etc. The research has also enabled the obtaining of records 
on possibly valuable material for the exportation abroad of certain parasite species. 

The following islands have served as sources of material for parasite exportation 
abroad: 

Br. Isles. Trioxys pallidas has been exported for biological control of some Calla- 
phidid aphids to Tasmania. 

Japan. In 1913 Aphidius sp. and Lysiphlcbns sp. were exported to Hawaii. In recent 
years, search for Citrus aphid parasites as well as other parasites in Japan and in 
neighbouring areas (S. Korea, etc.) has been undertaken by the California research 
workers, some apludiid species being exported to California inscctarics. Similar 
activities were undertaken in the thirties. 

Taiwan. The island was covered by the search for apliid parasites organised in 
Far Eastern countries (sec above). 

Both the lack of the comparison of biological features of parasite populations 
from the continents and relative islands as well as the comparatively poor knowledge 
of specific composition of the given faunas (Far East) do not allow us to mention 
and stress any features typical for certain island populations. Judging from our 
studies undertaken in Cuba ( 1965 ) which — as to its rclauon to the continental 
N. America— represents a similar ease, the specific composition of parasites and some 
data on their biologies being better known, some differences might occur. Although 
Far Eastern districts— including islands — represent one center of the apludiid group 
development, some species occurring there arc of another origin and they might 
possess certain biological peculiarities. 

Unfortunately no material of parasite populations was exported from an oceanic 
island to ascertain the changes in parasite host specifity, habitat preference, etc. 

- island peculiarities (fig. 320 ). It is necessary to know the mam data on the 
taxonomy, origin, distribution, habitat, biology, and injury caused to host plants by 
the pest aphid species. On this base we can estimate which host plants, in which 
habitats, etc., the new pest aphid will attack, how it will spread over an island. 
Similarly, general knowledge of the aphid biology in separate climatic zones is useful. 

A crop is often newly introduced in an island. We can expect that such a crop 
will be attacked by an aphid pest: this pest may be a polyphagous species that occurs 
m the island, but we can also expect — due to the factors influencing the aphid 
dispersal — that a new pest will soon appear. In case of the occurrence of a specialized 
pest aphid, theoretical knowledge of the control is necessary, at least in general 
features in order to introduce suitable parasite species for its control to prevent 
outbreaks and extensive damage of plantations. For example, alfalfa has recently 
been grown on experimental plantations in Cuba as a forage crop. Although in 1965 
no typical pest aphid occurring on these experimental plots was found (Acyrthosiphon 
pisum, Therioaphis trifaht), we can expect that these pests will soon appear in Cuba 
— when the alfalfa crop is grown more extensively — due to the close neighbourhood 
of C. America, Florida, etc., where the pests arc distributed as well as 111 other parts 
of the Nearctic America. For this reason, a biological control program has been 
elaborated for these pests, too (start 1967 etc.). 

-Parasites. A historical approach to the introduction principles is necessary. The 
first classification must be that of the type of island. Oceanic and continental islands 
exliibit different features as to the plant communities, which is of basic importance 
for the presence of parasite speaes. In the case of a continental island there will be 




Fig. 320. Aphids and parasites in islands. 


present at least some members of faunistic complexes of parasites corresponding to 
separate main floristic rones. In the ease oF an oceanic island, the Fauna oF parasites 
will be composed oF accidentally immigrant species, members oF vinous Faunistic 
complexes. The climatic rone has also a great influence m a given island. 

Further, the probable response oFmdigcnous island species to the newly introduced 
pest aphid may be preliminary classiFted, in connection with the taxonomical- 
ccological features oF the pest aphid given and the host specificity range of the 
indigenous parasites. In some eases, some parasite species may be simultaneously 
(accidentally) introduced with the pest aphid; their establishment, effectiveness, etc. 
m the new environment must also be considered. 

Selection of parasite species to be introduced will depend on the classification of 
the island again. In the ease of a continental island, we have to deal with historically 
developed faunmic complexes of native parasites, and these complexes must then be 
complemented by a newly introduced parasite species. On the contrary, in the ease of 
oceanic or al most-oceanic islands, no faunistic complexes arc present, but the fauna 
urn evolution: here we can carefully select and introduce a parasite species from 
abroad. Oceanic islands in the tropics seem to be most suitable due to the compara- 
L-°1 l p , cncs P rcscm » the common gaps in natural limitation of 
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necessary. For example, Acyrihosiphon pisum has become a serious pest of alfalfa in 
Hawaii. The introduction of the parasite Aphidius smithi lias given splendid results, 
the single parasite species keeping the pest under control in this ease. 

Nevertheless, in ease of certain widely polyphagous aphid species that occur in a 
number of habitats and in various seasons, a single parasite species will probably 
hardly be able to control the pest successfully. More species must be introduced. 
There is no danger of interspecific competition that would be dangerous as to the 
effects of biological control. As far as we can judge from the eases of incidental 
immigrants and their interspecific competition in various islands (Cuba, Hawaii), it 
seems that more progressive species will be more successful in such a competition, as 
e.g. Lysiphlcbtis testaceipes in Cuba, while the other species will apparently remain in a 
lower population density level. In our opinion, if the species introduced become 
successfully established, they can be expected to select naturally the most suitable 
habitats as well as the best season for their occurrence, and all these features arc 
dependent specifically and usually differ from each other. 

The problem of host range has also often been discussed by various specialists. 
Monophagous species arc more advantageous in having the possibility of good 
synchronization with the host occurrence if suitable environment occurs. Neverthe- 
less, they may fail to establish, in case of a poor synchronization occurrence, as they 
have no possibility of successfully attacking any alternative host. In island conditions, 
there is a possibility that also the species that are not strict specialists in their native 
home, will be forced by lack of other suitable hosts in an island environment, to 
behave as if being monophagous there. This seems to be the ease of Acyrihosiphon 
pisum and Aphidius smithi in Hawau. Widely specialized parasite species, on the 
contrary, possess the abdity of attacking the other host species if present in the island, 
and thus to survive periods of one pest aphid absence, nevertheless, there may be less 
synchronization with the occurrence of the pest aphid to be controlled, due just to 
the wide range of host specificity of the parasite. In our opinion, the widely special- 
ized parasites can be generally classified as a very useful species owing to several 
reasons: our observations from Cuba show that the pest aphid usually occurs in a 
number of communities, both of a natural and cultivated type. It has therefore to be 
controlled m these communities, and the widely specialized parasite is perhaps more 
suitable for the task, being able to occur in separate communities independently of 
the given pest aphid presence. 

For example, Lysiphlcbtis testaceipes lias been originally introduced into Hawaii for 
the control of Loiigiungitis sacchari (debach, 1962). Nevertheless, in the following 
years it was found to attack, besides Longiunguis, also a number of other aphid pests 
(Aphis cracavora, A. gossypn, Rhopalosiplutm maid is, etc.). 

In some cases, and this is just true for the oceanic islands of the tropical zone, there 
are several species of aphid pests which belong to the same similar taxonomical- 
ccological type, thus being parasitized by a group of widely specialized parasites 
simultaneously. For example, the mam pest aphids (in addition to others) in Cuba are 
Aphis craccivora, A. gossypii, A. sptraecola, Rhopalosiphttm maidts, Toxoptera aurautii, 
all of which belong to the “Aphis" group, so that a certain parasite species may 
cover them all in their host specificity range simultaneously — as just Lysiphlebus 
testaceipes does now in Cuba in an accidental way (immigrant). In a similar case, 
several pest species can be covered simultaneously by introducing one widely specia- 
lized parasite species. 

Careful quarantine of introduced material is necessary, to prevent the introduction 
of hyperparasites. 

—Colonization. Acarefulclassificationoftheenvironmentisncccssarybothtoselcctthe 
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best place for a colonization site and to presuppose the further spread of the parasite 
overanislandwithrcspecttoitshabitatrcquircmcnts. Main crops as well as weed plants 
must be reviewed in relation to the pest aplud and parasite occurrence. Indigenous 
aphid fauna may also play a rather important part. Besides the pest species that has to 
be controlled, the other aphid species may also be useful ; some of them may be 
entirely indifferent, being onutted by the parasites, the others may represent alter- 
native hosts of the parasites, thus being valuable for biological control. Such indiffer- 
ent types of apluds mi) be useful m enabling the parasite’s survival of the period of 
the pest aphid absence in a given area. 

H) perparasites, representmg apparently mostly widely specialized species, may 
be expected to attack the introduced parasite very soon, representing one of the 
important factors relatively lowering the parasite effectiveness in an island. 

For example, Lysipltlcbus testateipes was successfully introduced m Hawaii in 1923. 
and became svcll established in the following years, attacking a number of aphid 
species. Nevertheless, in 1927 it was reported as being hardly capable of fully con- 
trolling Rhopalostphum maiJis, an important virus vector on sugar cane, as “unfor- 
tunately there arc already present 111 the Island several secondary parasites of aphids, 
which would lessen the efficiency of any internal parasites” (timberlake, 1927 ). 
-Conservation. The conservation of aphid parasites— both indigenous and intro- 
duced species— is undoubtedly an important problem. 

The problem of conservation depends basically on the object, l.c. is a specifically 
dependent phenomenon. For this reason an example is mentioned here to show the 
principles of the problem. 

The principal seasonal difficulty in biological control experiments is the survival 
of the parasites during a certain period of their mam host absence; further, the foci 
of parasites in nature, from where they may spread to the crops in case they are 
seasonally attacked by pest aphids. In tropical oceanic islands this phenomenon 
appears to be important. Although a tropical climate causes comparatively advanta- 
geous features of aphid biology, the influence of dry and wet yearly seasons may be 
diflcrcnt 111 different communities. In a number of crops the role of the parasites is 
important — when they arc able to spread and occur in the infested field. Their 
ability to parasitize the aphid depends on the sources in the environment, on the 
presence of their alternative hosts, etc. Similarly, the occurrence of suitable alter- 
native hosts in various habitats represents simultaneously a presumption for the 
occurrence of parasites, which may (and they do so) attack the pest aphids present in 
the given habitat. A proposal therefore may be mentioned to use the common 
indifferent aphid species occurring in widely distributed plant spcdcs in parasite 
conservation. Ncnum oleander, bang commonly and practically attacked through- 
out all the season by Aphis new, represents such a case. As an ornamental, it is 
grown practically everywhere. Although a certain (often serious) damage is caused 
to llui ornamental by the aphid, wc suppose that the advantage of the aphid occur- 
rence as an alternative host of Lysipltlcbus testateipes seems to be much higher. Our 
opinion, although based on field observations only (Cuba 1965). is supported by the 
comparison of the importance of a number of pest species attacked by the parasite 
mentioned tn Cuba {Toxopttra aurantti, Aplus spiraecola, A. tractive™, Rhopalosiphuiii 
omamcnul ^ 1(1 lhC CC ° nom,c of Aphis new as a pest of Ncnum oleander 
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iii the frame of community equilibrium level. This means that also in the ease of 
their high effectiveness a certain number of aphids remain untouched, as the pri- 
mary parasites peak is soon followed by the peak of hyperparasites. However, 
although aphid eradication never follows, the primary parasites arc important as 
also in ease of hyperparasitism the given aphid represents a killed specimen. The 
incapability of the primary parasites to destroy completely the aphid population- 
vectors have been recognized just in island conditions (Hawaii) by timderlake ( 1927) 
in the case of Rhopalosiphuut maidis: “The com aphid has recently received attention, 
after the discovery that it carries the mosaic disease from grasses and corn to sugar 
cane. The control of tins aphid to such an extent that it will no longer be feared as 
a carrier of disease, is, l am afraid, an impossibility. Unfortunately, there arc already 
present in the Islands several secondary parasites of apliids, which would lessen the 
efficiency of any internal parasite and even if a ninety or even ninety-five per cent 
control could be brought about, this probably would not be sufficient to prevent 
die aphid from spreading the disease”. 

- IVccds. With respect to biological control, the weed plants may be divided into 
the four following groups: 

1. Weeds not attacked by aphids. 

2. Weeds attacked by aphids that are economically indifferent, not being infested 
by parasites at all or attacked by indifferent parasite species. Examples: Cuba. Weed: 
Erigeron canadensc. Aphid: Dactyiiotus crigeroiicnsis. Parasite: Aphidius Jloridaensis, 
rarely Lysiphlebus teslaceipcs. 

Weed plants of the two groups mentioned are indifferent from the point of view 
of biological control of aphids (by parasites). 

3. Weeds attacked by aphids that arc pests of economic crops. Example : Cuba. 
Weed: Eupatonum sp. Aphid: Aphis spiraecola (mainly), Toxoptera auraiitu, Neomyzus 
circuuiflcxus. Parasite: Lysiphlebus testaceipes. Cuba. Weed: Ruelha paniculata. Aphid: 
Aphis gossypii. Parasite: Lysiphlebus testaccipes. 

Weed plants of this type are rather dangerous. They represent food plants for pest 
aphids, where the latter feed during certain periods and spread again from these to 
the crops. For example: Eupatorium sp. — a common weed in Citrus and other 
orchard undergrowth in Cuba — is the preferred plant of Aphis spiraecola, winch is a 
serious seasonal pest on Citrus. In certain areas such weeds can be killed by herbicides, 
nevertheless, biological control seems to be more valuable covering the apluds on 
untreated areas as well. 

4. Weeds attacked by apluds that are economically indifferent, but represent 
alternative hosts of useful parasite species. 

Examples: Cuba. Weed: Bidens pilosa. Aphid: Aphis coreopstdis (mainly), Acyr- 
thosiphon bidenticola (indifferent species). Aphis spiraecola (rarely). Parasite : Lysiphlebus 
testaceipes. In this ease, the role of the weed durmg certain seasons seems to be 
extremely important for parasite survival and conservation. 

Cuba. Weed: Callotropis procera. Aphid: Aphis nerit. Parasite: Lysiphlebus testa~ 
ccipes. In this case, Aphis neni is a preferred host of the parasite during the greatest 
part of the season. The damage caused by the aphid to the ornamentals (Nenum 
oleander) seems to be overlapped by the significance of the aphid as a host of effective 
parasite species, which attacks a number of pest aphids. Callotropis procera in Cuba 
can be found in pasture meadows, waste places, from lowlands to mountains. It 
seems to be very important in representing sources of alternative host ofL. testaceipes 
in very dry and hot areas, where the other aphids are very scarce at least during some 
parts of the season. 

From the economic point of view, weed plants have to be classified as all plants. 



the presence of which is not necessary in the given cultivated area. For this reason, 
we have to distinguish between the occurrence of weeds in the fields and on ruderal 
and other places. Weeds in cultivated areas today mostly may be easily controlled by 
herbicides. Otherwise, weeds may commonly be found along the roads, in rudcrals, 
balks, pastures, meadows, orchard undergrowth, gardens, etc. All these places arc 
usually uncontrolled or uncontrollable. Weed plants then represent, if the above 
mentioned classification is used, either indifferent plants, or sources of (a) pest 
aphids, (b) indifferent aphids, (c) aphids useful for parasite propagation. Because of 
the poor control possibilities in various places, their significance as sources of the 
mentioned aphid fauna must be stressed; just in such places, the aphid limitation 
by natural enemies is very important. 

- Greenhouses. The same seems probably to be true of the biological control of 
aphids in greenhouses in continental as well as island areas. In the (oceanic) islands, 
however, the number of parasite species is lower, and this may probably influence 
the natural sources of the parasites invading the greenhouse from the neighbourhood. 

No detailed records arc known. Only one very interesting record can be men- 
tioned. In 1923 (see above) Lysiphlebus testaceipes was introduced and successfully 
established in Hawaii. In 1929 this species was reported as a parasite of Longiunguts 
sacchati on sugar cane in a greenhouse. In this ease, the biological control introduction 
accidentally covered a part of the biological control in greenhouses (tropical envi- 
ronment peculiarities). 

RtitRCNCU. 12-15, 60-1. 62, 77, 86, 190, 192, 210, 235-6, 251, 295, 336, 432-5* 5*5* 
545. 567. 568, 763, 804-5, 829-34, 876, 1055, 1134, 1162-3, 1165-75, *176, 1266. 

chi-lnhousls. Greenhouses, as practically closed environments, have been dealt 
with by a number of authors with respect to biological control possibilities. As there 
was no possibility of escape for a pest owing to restricted space, biological control 
seemed to be a very easy matter m introducing natural enemies into the greenhouse 
environment in order to control the pest. As aphids represent common pests in 
greenhouses, the same as the coccids or alcyrodids, they represented a relatively 
common object of biological control. Moreover, the natural enemies were believed 
to represent a continuously present regulating agent, while it was necessary to repeat 
the treatments many times in the course of the year. 

— lnvironmlnt. Greenhouses arc typical artificial environments. Conditions that 
occur in a greenhouse differ very considerably from the conditions of the neigh- 
bourhood. either the plant species grown arc quite different, or the plants although 
identical arc in a different developmental stage owing to different temperature 
conditions. 

Heated greenhouses represent perennial environments, although the conditions 
change within certain limits during the season. Unheated greenhouses arc seasonal 
environments being used in early spring to grow crops earlier than under natural 
conditions. 

According to their purpose, greenhouses can be divided into several groups: 
experimental greenhouses arc usually smaller, for the use of research institutes for 
p am growing or even j$ msectanums. Their plant composition depends on the 
experimental program. Ornamental greenhouses include extensive greenhouses of 
botanical garden! as well as smaller ones that serve as a winter environment of 
various room plants as can commonly be found everywhere. These greenhouses 
oltcn represent very old environments, where the culture of plants has occurred 

or mans ) cars. Fuu 5 , there is an extensis'e group of economic greenhouses, w here 



both ornamental plants and economic crops such as fruit and vegetables arc produced 
in quantities; the production is practically perennial, but the plant species can change 
depending on the season. Naturally, there arc a number of intermediate types. 

A greenhouse community, which develops in an artificial environment, is an 
artificial community, which has developed from introduced species of cosmopolitan 
or less widely distributed common greenhouse pests, and from the out-of-doors 
fauna that invades a greenhouse. Naturally, the food chains wluch develop in con- 
sequence are often artificial and incomplete. The number of species is low, although 
their population number can be numerous. These features make the community of 
a greenhouse rather unstable and outbreaks of pests can often be observed. Only 
relatively stable communities can be found in rather old botanical gardens but even 
here they are far from being the relative completeness of natural environments. 

Apliids, as plant feeding insects, arc a typical group that occur in greenhouse 
environments. The aphid species of tropical origin for example found the conditions 
rather favourable for most of the year, as they resemble the conditions of their 
native country, the tropics. These species have become widely distributed cosmo- 
politan greenhouse pests. Many species that occur in greenhouses arc also indigenous 
species on a given area tliat have mvaded the greenhouse environment from the open. 

Contrary to aphids, parasites that arc found in greenhouses mostly represent 
indigenous species which have invaded the greenhouse environment from the neigh- 
bourhood. No cosmopolitan species arc known to spread in a similar way as the 
tropical aphid species. Certain strains, however, that arc not capable of surviving in 
the open are known in some areas (California, AphiJius matricanae greenhouse strain, 
SCHLINGER & MACKAUER, 1963). 

Greenhouse conditions also change according to the season, although these changes 
are different from those in the open. Late autumn, winter and early spring conditions, 
when the greenhouses are heated and the temperature must be more or less controlled 
because of plant requirements, they are more or less constant, while spring, summer 
and early autumn conditions may be unfavourable as the temperature can rise very 
considerably. The photoperiod is identical with the outside, but the combination of 
a short photopenod in the winter months, favourable temperature and growing 
plants make greenhouse conditions quite different from those out in the open. 

- general problems. The problematics of aphid control in greenhouses can be 
briefly characterized as follows; greenhouse conditions are, with the exception of the 
summer period, generally rather favourable for the increase of pest aphid populations. 
P lant growing in greenhouses is very intensive. The aphids may attack many plant spe- 
cies or they may be restnetedm food range. Different plants respond quite differently 
to various insecticides. Generally, greenhouse plants are more sensitive than in natural 
stands. There is the problem of residues in a greenhouse, both in plants and sod, as 
well as with respect to human health. Chemical treatment is known not always to 
eliminate the aphids, although several insecticides may be used either simultaneously 
or gradually, aphid pests survive although in low numbers, and rapid increase in 
numbers soon follows after treatment so that a new treatment must begin. Mostly 
there is a lack of aphid natural enemies in greenhouses; widely accepted chemical 
control is probably responsible for this condition too as it seems to eliminate even 
the accidental invaders from the open. Biological agents in aphid control are probably 
useful as they could be capable of keeping the aphid populations on subeconomic 
levels. It is, however, very difficult to eliminate the aphid pests from greenhouse 
environments completely. 

The apliids cause damage to greenhouse plants in their usual manner ; the sucking 
of the aphids causes weakening and even the drying of plants and naturally their 
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development is less favourable; honcydcw production is highly unfavourable just 
m greenhouses as the fungi develop very intensively under wet greenhouse conditions. 
Deformation of plants due to aphid feeding is also common, the young shoots arc 
attacked for instance and virus transmission plays also a role. The significance of 
the various types of damage caused depends on the kind of production ; for example, 
plants in botanical gardens can survive the honey dew cover for a certain period, 
while the same intensity makes the flowering plants less valuable for the market. 

- biological control. Pest aphids that occur in (heated) greenhouses can be 
divided into two groups: first, there arc practically cosmopolitan species, mostly of 
tropical origin such as Myzus persicae (tropical strain), Neomyzus araunjlexus and 
others; in these groups also less common species belong such as Silobium luteunt and 
Cerataphis spp., Toxoptera auraiitii and others. In the second group species can be 
included which arc out-of-door invaders of the greenhouse neighbourhood; their 
species composition depends on a given community; we may find Aphis hederae, 
A. ctaccivora, Mairostphum rosae, Rhopalosiphum titaiehs, etc. 

With the exception of Cerataphis spp., which arc not attacked at all by aphidud 
parasites, all the apluds that occur in greenhouses are known to be attacked by an 
aphidud species at least in a certain part of their known distribution area. A cosmo- 
politan species must be controlled by a selected species, while the indigenous aphids 
that invade a greenhouse from the neighbourhood may be controlled by their 
indigenous parasites which attack them in the open. For example, tru-leiiorn (1962) 
considers Rhopalosiphum maidis to be a constant problem in Ohio, U.S.A. green- 
houses where plantings of com or sorghum arc grown during the winter. We have 
reared this species in a heated greenhouse in Czechoslovakia on corn and the control 
by the introduced Cuban population of Lysiphlebus testaceipes was effective. With 
respect to aphid specificity, we again can recognize several groups. Perhaps the most 
injurious are the polyphagous species as Myzus persicae or Neotnyzus ctrcumfiexus, 
while another extreme represents species attached to certain plant species such as 
Macros, phum rosae (Rosa). Cerataphis sp. (orchids), Aphis hederae (Hedera helix), etc. 
- Parasites - control agents. Because of the dosed environment, even a wide host 
range of a parasite becomes restricted in a greenhouse, the parasite attacking only a 
single or a few hosts from its wide host range. Consequently, even a widely specia- 
lized parasite may behave as a monophagous species in a greenhouse. For example. 
Aphid, us matrtcariae, because of the lack of other hosts, may attack only Myzus 
persicae in greenhouse conditions. On the other hand, parasites can attack several 
hosts if these arc present in a greenhouse environment. For example, in our expen- 
mental greenhouse, the introduced Cuban populanon of Lysiphlebus testaceipes 
attacked the introduced aphids, Aphis spiraecola, A. craccivora, Rhopalosiphum maidis, 
loxoptera auraahi, in a similar way as in its native home. The host range is rather 
important; a widely specialized parasite acts in relation to aphid populations in the 
same way as to a single one (see below), so that it is able to control several species 
simultaneously. It is, however, known that the most numerous populations arc 
attacked the most. Different temperature requirements of the separate species 
attacked and those of the parasite could restrict us effectiveness to some periods and, 
consequently, only to some aphid species as well. 

- U “' u°“ pio P a S au °n - Penally. a greenhouse represent, a dosed space, 
m hid. .he hoi. range u cornered ,o .he spent, p.esent. Nevertheless. .he parasite 
ma) met. there some hosts, the potential hosts, seh.ch cannot be met w.th in nature, 
as nicy are attached to the greenhouse environments (tropical origin). Tht. possibility 
„*!r! "" of ‘ hc environmental forces may result in stuck and even a 

uccesiful parauuzation of a new host in the greenhouse environment, wluch is 



classified as an unnatural host. Such a case of accidental propagation of Ncomyzus 
circumjlexus as unnatural host of Diacrctiella rapae was found in our experimental 
greenhouse in Czechoslovakia. N. circuittflcxus is restricted to greenhouse conditions 
in tliis country and is not capable of surviving the winter in the open. It is a typically 
cosmopolitan greenhouse aphid, of tropical origin. Thus, the parasite populations, 
which were introduced from field environments to control another pest, Myzus per - 
sicae , had not had the possibility to meet the Neomyzus aphid in the open, but we ascer- 
tained several cases of successful attack and development of the parasite in this aphid. 
- Host-parasite system - Greenhouse environment, where host aphid and parasite 
occur, may be placed as a parallel to experimental host-parasite systems, where there 
is no or low dispersal possibility, temperature conditions change more in closed 
spaces than in the open, and there is no interference from other natural enemies. 

Experiments of mcleod (1937), based on the comparison of temperature condi- 
tions in several greenhouses with respect to parasite effectiveness ( Aphidius matricariae, 
Myzus persicae) clearly showed that the para>ite was effective only in certain temper- 
ature limits. These results arc supported by the conclusions of burnett (1949), who 
made experiments on tcmperaturc-dcpcndcncc of effectiveness ofErirars/a parasites in 
parasitizing their alcyrodid hosts. 

The lack of or low possibility of dispersal bring the selfregulation mechanisms of 
a parasite population into action. Under certain population numbers superparasitjsm 
can often be observed correspondingly reducing the increase of parasite population. 
This was observed by timber lake (1910). The possible accidental introduction of 
hyperparasites could prevent superparasitism, m decreasing the population of primary 
parasites, but the final result would perhaps be similar. 

If we omit the action of parasites and conditions of host plant, changes occur in 
population numbers of aphids depending on temperature. Each aphid species has an 
optimum temperature and it can become more or less numerous according to this. 
For example, if we rear Acyrthosiphon pisutit and Aphis aacctvora populations on 
beans m a greenhouse, Acyrthosiphon aphids develop better under a lower temperatu- 
re, while A. craccivora reproduces quicker under higher temperatures. Consequently, 
as the temperature conditions change in a greenhouse during the season, the various 
aphid populations become more numerous in different periods of the year. It seems 
that late autumn to early spring conditions in a heated greenhouse arc favoured best 
by most of the greenhouse pest aphids. 

The parasite action, besides its intrinsic features, will be restricted by temperature 
and population density of aphid populations. As the temperature optimum of the 
host and parasite can differ, the parasite effectiveness can be limited by certain 
temperatures; for this reason, several parasite species should be introduced. Further, 
it depends on the parasite host specificity range whether it behaves to the populations 
of various aphids as to a single one (see examples of Lystphlebus test ace ipes) or whether 
its host range restricts its dependence to a single aphid species population. 

- Selection of species - 1. Indigenous species. This seems to be a very easy way of 
controlling the aphids in greenhouses. If the same pest occurs in the open and in a 
greenhouse, we rear the parasites from the field colonics and transfer them to the 
greenhouse. Very often, the parasites themselves invade the greenhouse accidentally. 

Biological control of pest aphids by their indigenous parasites seems to be prevalent 
in the literature. For example, withingthon (1909) used Ephednts iiuompletus 111 
control of Macrosiphum rosae ; barnes (1935) controlled Myzus persicae by Aphidius 
matricariae; mcleod {1937, 1938, 1939) used Ephednts pe< sicae and Aphidius matricariae 
in controlling Myzus persicae. Accidental introduction of a parasite in a greenhouse 
was recorded from Hawaii (Notes and exhibitions, 1929) where Lysiphlebus testaceipes. 
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a species introduced from California to Hawaii m 1923 invaded a greenhouse 
and attacked Lotigtuiigms saedtan on sugar cane seedlings. 

2. Introduced species. It is possible that we shall not succeed in the control of 
the cosmopolitan pests such as Mysut persicac or Kcomyztts araimf exits by the 
application of the indigenous species. In this ease, it would be useful to introduce 
other parasites from abroad. Populations or species from more southern countries 
would certainly be preferable. 

3. Artificial and natural food chains. We have mentioned above that the commu- 
nity of a greenhouse is practically an artificial community, composed of cosmopo- 
litan greenhouse pests and out-of-doors indigenous fauna invaders. Thus natural 
food chains, if any, occur only partially in greenhouses m ease that indigenous 
natural enemies (parasites) succeeded in invading the greenhouse. In aphid species, 
which cannot occur outside greenhouses, quite artificial food chains develop acci- 
dentally. The greenhouse conditions permit us to select the parasite species carefully 
to cover the host both in time and space, i c. with respect to the changes in tempera- 
ture and microhabitat. 


4. The number of species to be introduced into a greenhouse is rather important. 
We must stress in this respect that a greenhouse represents practically a host-parasite 
system, the environmental temperature being cliangeablc. Changes in temperature 
can influence parasite effectiveness and thus allow the aphid to reach a high popula- 
tion under certain conditions of temperature which will be unfavourable for parasite 
increase. Tliat such eases arc rather probable, we can recognize from the comparison 
of experimental host-parasite systems and the influence of different temperatures 
(see: natural limitation). Thus, it is obvious that we must introduce several parasite 
species which support different temperatures and this could keep the pest under 
control throughout the year. There is still another factor, which supports a larger 
number of parasites being introduced, the microenvironment (see below). There is 
no doubt that a more numerous complex of parasites will strongly support the 
stability of the greenhouse community with respect to aphid populations. 

- Microenvironment. Multilateral control -The significance of the microhabitat in 
parasite specificity is well known. In nature, various members of the food chains 
occur, each of which attacks the aphids in different or in certain restricted micro- 
habitats, so that the aphid is attacked by the natural enemies in practically all the 
microenvironments in which it occurs. It is quite another situation m artificial 
greenhouse conditions. A given aphid species occurs in different nucrohabitacs: it 
can occur m more shady or more exposed situations, or the shape of the colony may 
depend on the plant species attacked. If ihc parasite is not able to attack the aphid in 
all microhabitats, the aphid may successfully reproduce in certain microliabitats and 
can reach outbreak numbers here or at least continuously disperse from there to 
other places, the possibility of outbreak being continuously present in a greenhouse. 
We can give an illustration of this with two examples: mcleod ( 1937 ), when control- 
Ung Myzus pcrsicae by parasites, ascertained that EpheJrus persicae attacked only 
aphids living on more exposed parts of the plant, while Aphid, us matneanae preferred 
mote worn. It., obvou, that each s.nglo parLe would no, be able to 
control the aphsd under all .muttons. We ob.erved a sssmlar .mutton in a greenhouse 
m Cacchos.ovalssa. We have purposely unreduced Diaaatella , v ac to control 
£ ' “■ ' P " a “"v h ° wcv ' r ’ ™ extremely successful in para.nunug the 

devlTd '“““““""S °"ly °n large flat leaves, wlule colon.es of .he aphid lhat 
omittcl Th"^ 3 p n ! st f. m ( on Bougainvillea or Asparagus) were practically 
I ' a r principle of aphid control in a greenhouse must be multilateral in 
coveting the aphid pest in all mtcrohabitats. 
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- Methods - 1. Release of introduced species seems to be a very easy method. Aphids 
which belong to the hosts of the selected parasite species arc collected in nature 
during the season, grown in a Pctri-dish or another cage and the emerged adults arc 
collected and transferred to the greenhouse. Care must be taken when selecting the 
primary parasites to avoid the introduction of hyperparasites. If, however, unsuitable 
conditions prevail in the greenhouse during the given part of the season when the 
parasites may be collected in the open, we can rear the aphids and parasites as a 
laboratory stock (see biological control program) and transfer the parasites into the 
greenhouse at a more favourable period: thus, parasites collected during the spring 
or summer months may not be used earlier than in the autumn, etc. It is recommend- 
able to introduce a larger number of parasite adults. All the adults can be either 
transferred into an aphid colony, or closed together with the aphid colony inside a 
nylon sack for about one day; this supports the concentration of parasites and a more 
favourable development of the introduced population in its early stage. 

2. Artificial foci, introduction of alternative hosts arc another method, which 
could be more useful for less specialized workers. The basic feature of such a host 
is that it docs not attack the greenhouse plants and eventually it becomes a new pest. 
We have developed this method with respect to the control of Myztis persicae in our 
heated experimental greenhouse in Czechoslovakia: in the autumn, a variety of 
Brassica crops is grown and harvested and used as a fodder crop. The crop is common- 
ly attacked by Brevicoryne brassicae populations. In the autumn, practically every 
colony of the aphid is attacked by Diaeretiella rapac to a certain degree. The parasite 
attacks Myztis persicae as well. Brevicoryne brassicae is useful in being restricted to 
Brassica crops. Thus, we potted several plants infested by Br. brassicae and transferred 
them to the greenhouse. After several days, the mummified aphids — as we had 
expected — appeared inside the colonies and later the parasites emerged. Although 
they concentrated on Br. brassicae as a preferred host, they also attacked Myzus 
persicae on broad leaves of various greenhouse plants. Later the Br. brassicae colonies 
were so heavily parasitized that the aphid became very scarce and the parasite popula- 
tions mostly developed in the Myztis persicae population. This method is very easy, 
but hyperparasites may be also introduced. It is still a question, whether the hyper- 
parasites are useful for the regulation of a primary parasite population m a greenhouse 
environment or not (Fig. 321). 

- greenhouses as tools for biological control. Greenhouse conditions are 
probably favourable for mass-release of parasites as they enable an extensive growth 
of plants and rearing of host aphids. However, there are several factors that seem to 
restrict their favourability to certain periods of the season. Greenhouses cannot be 
practically isolated as quarantine rooms can be, so that accidental invasion of out-of- 
doors species is very probable ; it may either include the accidental introduction of 
other insects that attack the plants grown, or other parasites, predators, or hyper- 
parasites. These agents can cause considerable trouble in a mass-production program. 
Nevertheless, it is obvious that the probability of such accidental introductions is 
restricted to the period when these insects occur in nature, i.e. during the vegetation 
season. In winter, and in early spring or late autumn in a temperate zone, there is no 
such danger. Thus, heated greenhouses arc best used in a mass-rearing program 
during the period from late autumn up to early spring; even during spring, if the 
invaders arc accidentally introduced, they do not seem to be so important as they do 
not succeed in reproducing so much up to the period when the mass-reared material 
is planned to be released (during the spring period). 

Another trouble, which restricts the use of greenhouses for certain periods of the 
season, is the control of temperature conditions. In winter, there is no doubt that 
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Fig. J2I. Biological control in greenhouses. Experimental program. Czechoslovakia. 
Left: Brassica-lcaf heavily infested by Drevicoryne brassicac and Myzus persicae, parasite: 
Diaereliella rapae. Right; Brassica-lcaf heavily infested by Myzus persicae, parasite: 
DimeticUa rapae. 


control of temperature and photoperiod docs not cause any trouble: artificial light 
sources and controlled photoperiod arc sometimes necessary because of the regulation 
of the aphid life-cycle. However, during the hot summer months, it is much more 
difficult to cool larger greenhouses to such temperatures that would not be fatal to 
many aphids and parasites reared. 

If parasites are reared perennially in a greenhouse, their accidental or purposeful 
escape may o ow and they establish themselves in the greenhouse neighbourhood. 

oweyer, it pends on the species and on its requirements on the environment 
whether this establishment is successful or not: a species may be well adapted to 
survive given climatic conditions, but lack of the host may prevent its establishment 
ou si e t c greenhouse in a given area. Or, some populations or strains of parasites 
may not be capable of surviving outside the greenhouse, although a favourable host 
may occur m there; the latter is obviously the ease of the Californian greenhouse 
strain of Aphuhus matneanae (see schlinger & mackaucr, 1963). 

°“f P rcl,minar y investigations, unheated or so called summer 
EwT* ' fpaCC r ° n CCrUm P lots ofthc field, may cause earlier growth of plants 
.rernhT Pm T ° f * f** , P ° pulat,on ’ introduced parasites may be added to such 
SmovedTn r,t may deVC,0p ^ V0Urib, y later m spang* the greenhouse is 

material J-rvi ' P” 3 *"* ™Y *P^d over the field. Especially plastic 

We have 1! covcr ^ or summer greenhouses could be useful and cheap. 

2 3PP , I * r\° d m thc m3SS - fdc3SC of introduced parasites of alfalfa 
cxpcnmcntt on a widcr ** arc ncccswry (scc: 
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The above mentioned method of application of summer greenhouses could be 
also applied with respect to the action of indigenous parasites, as our preliminary 
experiments on alfalfa fields have shown; the conditions in a summer greenhouse 
inhibit — due to a higher temperature that occurs in the greenhouse — the develop- 
ment of the fauna, both of aphid and parasite populations, when compared with 
field conditions. If the parasites arc present in the field and successfully overwinter, 
they can reproduce more rapidly and reach a higher population density; after the 
removal of the greenhouse cover significant sources of parasite population might 
develop that would attack the pest aphid much earlier than would occur in nature 
(see: Biological control program). 

REFERENCES. 31, 166, JOI, 414 , 421 , 44O, 45O, 637, 705-8, 761, 794, $31, IO06, IO69, 

1102, 1214, 1234. 1319- 

countries. This review represents bnef information on the biological control of 
aphids by parasites in separate countries of the world. Detailed records on aphids 
and parasites may be found in aphid and parasite reviews. 

- argentine. Biological control of SchizapJtis graminum through releases of the 
indigenous parasite, Lysaphidtts platensis, was undertaken by griot. Rfes.: Griot 1944, 
1949, Millan 1956. 

- Australia (and Tasmania). A number of undetermined parasi tes were introduced 
into Australia from various countries at about the beginning of tliis century. Most of 
the releases were unsuccessful (see: review of parasites). The controlled objects were 
Toxoptcra aurantii, Brcuicorytte brassicae, and undetermined aphids. 

Tuberculoidcs annulatus : Praon flaviuode and Trioxys pallidas were introduced to 
Tasmania from England, where the parasites became established and controlled the 
aphid. They accidentally spread mto Australia. 

Cavariella aegopodii has become an object of biological control in recent years. 
Aphidius solids was introduced from California to control the pest (stubbs). Rfes.: 
DeBach 1962, 1964, Jenkins 1948, Miller 1947, Miller et Hudson 1953, Stubbs 
19 66, Wilson i960. 

- Canada. Biological control of aphids in greenhouses was dealt with by bAird 
(1935) and mcleod (1937, 1939) : Myzus persicae was the mam object of the control. 

In recent years, experiments with Aphidius smithi have been undertaken to control 
Acyrthosiphon pisum on alfalfa (mackauer & bisdee 1965). Rics.: Baird 1935, Mac- 
kauer et Bisdee 1965, McLeod 1937, 1939). 

- CUBA. Aphid fauna with respect to biological control was dealt with and the 
projects on the introduction of parasites elaborated. No practical control activities 
were undertaken. Rfes. : Stary 1967, 1968. 

-Czechoslovakia. Megoura vidae was the object of experiments on biological 
control. Aphidius megoitrae population was introduced (intraareal introduction) (sTARY 
1964). 

Hyalopterus pnitii has been dealt with, Aphidius transeaspicus was introduced (stary 
1964, 1965, 1966). 

Acyrthosiphon pisum is another object of control experiments. Besides the research 
on the conservation of indigenous parasites, experiments on the introduction of 
Aphidius smithi have been undertaken (stary 1966). Otherwise, various projects on 
parasite conservation were elaborated. Rfes.: Stary 1959, 1964, 1965, 1966. 

- France. Brevicoryne brassicae has become a project of biological control by an 
indigenous parasite, Diacrctiella rapae. Rfes.: Broussal 1962, 1966. 

— Germany. Proposals on conservation of Diaeretiella rapae populations in certain 


5X9 



periods of the year were elaborated on the basis of seasonal history studies (sedlag 
1964). Possibilities to use Lysiphiebus fabanim for the control of Myzus persicae and 
Aphis fabae arc dealt with 'Biol. Control Inf. Bull. 1967). Rfes.: Biol. Control Inf. 
Bulletin 1967, Sedlag 1964. 

- cheat Britain. Arthur (1945) made experiments on the control of cereal aphids 
by inoculation of native parasite populations. Aphidiits malrieariac was used in control 
of Myzus persicae in greenhouses (Biol. Control Inf. Bull. 1967). Rfes.: Arthur 1945, 
Biol. Control Inf. Bulletin 1967. 

— INDIA. Survey of natural enemies of a number of pest aphids is reported (Myzus 
persicae. Aphis gossypn, Aeyrlhosiphon pisinn, Lipaphis pscudobrassieae, Brevieoryne 
brassicae. Aphis sptraeeola). Rfes.: Biol. Control Inf. Bullctui 1967. 

- ITALY. Some proposals on parasite conservation in Citrus and peach orchards 
were elaborated. Rfes.: Stary 1964, 1965. 

- MEXICO. Therioaphis trtfohi, an introduced pest, was an object of biological control 
by introduced parasites, Praon exolelum and Trioxys eomplanauis. Rfes.: Padilla et 
Young 1959. 

-NEW Zealand. Biological control projects dealing with aphids on cereals and 
crucifers arc reported. Rfes.: Biol. Control Inf. Bulletin 1967. 

-PAKISTAN. Research of aphid parasites with respect to their potential use in 
biological control is reported. Rfes.: Biol. Control Inf. Bulletin 1967. 

- Poland. Aphidms stnilhi was experimentally introduced to control Aeyrlhosiphon 
pisum. Rfes.: Wiackowski et Wiackowska 1961. 

-PERU. Aphis gossypii was an object of biological control (? by parasites). Rfes.: 
Huangui et Combe 1936. 

-Uruguay. Artificial release of the indigenous parasite, Lysaphidus plalensis, was 
made to control Schisaphis X rminum. Rfes.: Silvcira Guido et Condejahn 1946. 
Millan 1956. 

-usa. Several unidentified species were introduced into Hawau from various 
countries at the beginning of this century. There are no recoveries mentioned. In 
192; LyuplMm murijm was introduced and successfully established 10 control 
various aphids; another population of the parasite was introduced in 1965 to control 
Aphis new. Aeyrlhosiphon pisum became an object of biological control in i960 when 
the introduced Aphi dms smiths was released and successfully established. Rfes. : Annual 
report 19*MSl, 1961-z, ,963. 1963, Beardsley 1961. Bianchi ,941. Davis 1961. 
Dsvs, es Kssus. ,9<S2, DcBach l9 6 t , Fullaway j, ,9,5, , 9;4 , I9J2 , Holdaway e. 
Nishids I'JSrt. Illingworth 1929, Imms 1924, Krruss 1902, Notes and exhibitions 
1924. 192 , 1929. 1931, I94(>. Pemberton 1948, Sssczcy 1925, 1929, 1931, I93S. 
W. Sssczcy et Dr, an ,929, Timbcrlakc ,927. Wtlhams ,9).! 
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biological control. There was a parasite, Trioxys pallidas, introduced and established 
in California. 

Hyalopterus pruni, Aphidius tramcaspicus is reported to be introduced from Lebanon 
to California (1967). 

R/iopa/o'ip/nmi nymphaeae. Aphidius trcuiscaspicus is reported to be introduced from 
Lebanon to California (1967). 

Citrus pest aphids arc reported to be controlled by experimentally introduced 
parasites. Rfes.: Anonymus 1961, Biological Control Inf. Bulletin 1967, v. d. Bosch 
1956, 1957, v. d. Bosch ct al. 1959, 1962, 1964, 1966, Clausen 1956, DeBach 1962, 
1964, Finney ct al. i960, Fisher et al. 1959, Hagen ct al. 1958, Hagen ct Schlingcr 
1960, Schlingcr i960, Schlinger ct Hall i960, Schlingcr ct Mackaucr 1963, Sluss 1967, 
Sluss et Hagen 19 66, Smith R.. F. 1959, Stary ct Schlingcr 1967, Stem ct v. d. Bosch 
1959, Wiackowski i960, 1961, etc. 

In other continental States, experiments on the biological control of Macrosiphuitt 
rosac by utilization of native parasites were undertaken by withington (1909) in 
Kansas (greenhouses). 

Indigenous parasites were also utilized m the control of Sdtizaphis graininum in 
Kansas: Lysiphlebtis testaccipcs populanons were translocated from the south to 
western parts of the State (hunter 1909, hunter & glenn 1909, Webster 1909). 

Therioaphis trifolii has become an object in a number of States because of its spread 
in the Nearctic America; the biological control activities were undertaken on the basis 
and in connection with the successful biological control of the aphid in California. 

Acyrthosiphou pisum has been also subject to control in many western and eastern 
States, where Aphidius smithi was introduced to control the aphid. 

Experiments on biological control of potato aphids were undertaken in the eastern 
States (Maine) as part of a complex research program (shands et al. 1965). 

Rfcs.: Angalet et Coles i960, Barnes i960, Clausen 1956, 1958, Cooke 1963, 
Dowden 1957, Hunter 1909, Hunter ct Glenn 1909, Nielson et Barnes 1961, Shands 
et al. 1965, Webster 1904, Withington 1909. 

During recent years, aphid parasites have become a source of accepted agents in 
biological control of aphids. Basic research has been started and continued m many 
countries and interest in the group has been paid in a number of institutes over the 
world. 

habitats AND crops. It is very instructive to mention briefly the separate kinds of 
habitats as well as the crops with respect to biological control of aphids by parasites; 
only introduced parasites are dealt with. Abbreviations: established (+), no records 
or research in progress(?), unsuccessful ( — ■). 

Annual crops, Brassica : Brevicoryne brassicae(+); Phoeniculum: Cavanella aegopodii 
(+?); Solanum tuberosum: Myzus persicae (?); Vida faba: Megotira vidac ( — ; no 
satisfactory program). 

Perennials. Medicago sativa (alfalfa): Acyrthosiphou pisum {+); Therioaphis trifolii 

(+)• 

Dedduous orchards. Prunus domestica: Hyalopterus pruni (?); Primus persica: 
Hyalopterus pruni (?); Juglans regia: Chrotnaphis juglandicola (+). 

Evergreen orchards. Citrus spp. : Aphis gossypii, Aphis spiraccola, Toxoptcra aurantii 

Ornamentals. Ncrium oleander: Aphis nerii (?). 

Dedduous forest. Qucrcus (introduced): Tuberculoides annulatus (+). 

(Note: The general occurrence of Lysiphlebtis testaceipes as a parasite of various 
aphids in Hawaii is not menuoned; see: biological control in islands). 
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There arc various opinions as to whether the biological control is more perspective 
on annual or on perennial crops. In our opinion it seems more useful to classify the 
ccos) stems in accordance with their stability; such a classification is more instructive 
than the separation of crops into annual and perennial ones. We have shown that the 
perennial character of a community does not simultaneously mean that the given 
ccosjstcm is stable with respect to aphid parasites, as the aphids may decrease this 
stability basically by migration; this is obvious, for example, in problems of Hyal~ 
opterus priori control in temperate orchards, control of Citrus pest aphids, etc. There 
is no doubt that at least relatively stable communities arc obviously the best for 
biological control attempts. 


aphids - control objccts. There arc a number of records on the natural limitation 
of aphids by parasites. However, the review of biological control records is sur- 
prising in how little has been relatively achieved in the application of parasites. 
Although the number of records is rather high as there are many records on intro- 
duced parasites whose hosts to be controlled were unknown, the situation seems to 
be rather stimulative. There arc many different pest aphid species all over the world, 
in which biological control has not yet been applied (parasite action). 

- Acyrthosiphon pisum. U.S.A.-Califomia : Aphidms smith i (v. d. bosch & schijngeh 
1965, V. D. BOSCH Ct al. 1966, DE8ACII 1964, HAGEN & SCHLINGER i960, SC1U.INCER 
i960. SCHLINGER & HALL i960, SMITH Ic HAGEN 1966, WIACKOWSKI i960, 1962). 

U.S.A.-Western States: Aplndtus ervi (cooke 1963). Praon pequodorum and Aphidms 
pulcher (cooke 1963). Aphidms smuhi (cooke 1963). 

U.S.A.-Eastern States; Aphidms smithi (angalet & coles 1966). 

U.S. A.-Hawaii : Aphidms smithi (Annual Report 1960-61, 1961-62, 1963, beards- 
LEY 1961, DAVIS 1961, DAVIS A XRAUS 1962). 

Canada; Aphidms smithi (mackauer & bisdee 1963). 

Poland: Aphidms smithi ( wiackowski & wiackowska 1961). 

Czechoslovakia; Aphidms smith i (stary 1966). 

- Aphis a wfan. U.S.A.-Hawau: Lysiphkbiis Is, u, rip,, (see: islands). 
Lpiphlh^p ammy: L r‘W»“f‘ tmum U.S.A.-Califomia: T,L,s aiigtUan, 

Aphis passypii. U.S.A. -Hawaii: Lysiphlcbus Icstaseipcs (so:: ulaiidi). U.S.A.-Cali- 
fornu: (y. D. Bose sr.ay a MllIm lrj6jl ’ 

Peru: (huancM Jr COMBE Jyj6). 

I AM, S Ly“P hUlm 'e»«ee,pcj (Annual Report ,965). 

Auhuetth i • ' ’ D - BOSCH jrjfii, stahy & SCIILINCEK 1967)- 

- A,, /are,,/,,,,,, „Ja,„. U.S.A.-Mam=: Aphidm, ,p„ Aphid,,,, (suands e. al. 

-CsZZiL ZZZT' >!**. JENA, NS „,8. WILSON ,*>o). 

sChlincib iJrt ‘ s -A.-Califomia- Tnoxys palhdtts Idebacu 1962, 1964. 

", 21 , ,96 °- - hacen 1966) 

U S A.-Cihfomu- . os ovjl:ia - A ph‘dm> tJaiisaisptnts{%iAni 1964, 1965, 19 66). 

-Araoeupl„„,„,|,„ rt ,J < F “»“ ro N 1948. debac, 196 2. ,964). 
u/ii). ° S.A.-Mainc Aphidms ip., Aphidms smitht(suASDSct al. 

*V»oy). ** -Ejiicrn States- Cphedrus mcompletus (wiuh.ngton 



- Megoura victao. Czechoslovakia: Aphidius megourae (stary 1964, 1966). 

- Myzus pcrsicae. Canada: Aphidius inairicmac. Ephedras persieae (dafrd 1935, 
MCLEOD 1937, SMITH 195 *)- 

Germany: Lysiphlcbtis faharum (Biol. Control Inf. Bulletin 1967)- 
Gr. Britain: Aphidius niatricariac (Biol. Control Inf. Bulletin 1967). 
U.S.A.-Califorma: (v. d. bosch 1961). 

U.S.A.-Mainc: Aphidius matricariae (siiands ct al. 1965). 

- Rhopalosiplnnn nymphaeae. U.S.A.-Califomia: Aphidius iraiiseaspiais (Biol. 
Control Inf. Bulletin 1967). 

- Rltopalosiphuut inaidis. U.S.A.-Hawaii: Lysiphieims testaceipes (see: islands). 
U.S.A.-Califomia : Ephedrus persuae (Biol. Control Inf. Bulletin 1967). 

- Schizaphis graminum. U.S.A.-Kansas: Lysiphlcbtis testaceipes (hunter 1909, 
HUNTER A GLENN 1 909, WEBSTER 1909). 

Argentine: Lysaphidus platensts (griot 1944, 1949, lopez cristobal 1937, millan 
1956). 

Uruguay: Lysaphidus plateusis (silveira guido a condejahn 1937). 

- Sitobium sp. Great Britain: Aphidius at'euae (arthur 1944, 194J). 

- Thcrioaphis trifolii. U.S.A.-Califomia: Praon exoletum, Trioxys complanatus 
(Anonymus 1961, v. d. bosch 1956, 1957, v. d. bosch et al. 1959, v. D. bosch a 
SCHLINGER I962, 1964, DEBACH 1962, 1964, FINNEY Ct al. i960, HAGEN Ct al. 1958, 
SCHLINGER I960, SCHLINGER & HAGEN 196$, 19 66, STERN 1962, 1966, STERN A V. D. 
BOSCH 1959, WIACKOWSRI i960). 

U.S. A.- Arizona: Praon cxolctum, Trioxys complanatus (barnes i960). 

U.S.A.-Utah: Praon exoletum, Trioxys complanatus (goodarzy a davis 1958, 
KNOWLTON 1966 ). 

Mexico: Praon exoletum, Trioxys complanatus (padilla a young 1939). 

- Tinocallis caryaefoliae. U.S.A.-CaUfomia: Trioxys pallidas (schlincer et al. i960). 

- Toxoptera aurantii. U.S.A.-Hawau: Lysiphlebus testaceipes (see: islands). 

Australia: (wilson i960). 

U.S.A.-Califomia: (v. d. bosch 1961). 

- Tuberculoides annulatus. Australia (Tasmania): Trioxys pallidas, Praon favutodc( de- 
bach 1962, Ent. Problems I940 ,miller 1947, wilson i960). 


parasites - control agents. Originally, we intended to elaborate a review of 
world species of the Aphidiidae that would mclude the mam information as to their 
distribution, habitat, host list, host range, and the mam literary records on their 
biology, in order to give the applied workers a source of brief mformation on the 
separate species. However, in the meantime, there has appeared the idea of O.I.L.B. 
workers to publish the Index of Entomophagous Insects, the mam task being to 
revise and summarize our recent state of knowledge of the various groups : naturally, 
besides the taxonomic role, this Index is mtended as a basic source of information 
forthe applied workers. As the Aphidudae, elaborated by mackauir a stary (1967), 
were included in the second volume of the Index, we have decided to avoid duplicity 
and leave oux original idea; instead, we present below a brief review of all the 
aphidud species that were used as agents in a biological control of aphids. It is 
obvious from tins list that we are just at the beginning of the introduction practice in 
the aphidiids. There are undoubtedly many possibilities of using some of the species 
in aphid control. 

During our biological control work, we have elaborated several projects of pest 
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aphid control (citrus, cocoa, coffee, sugar cane, banana), where a number of parasite 
species were selected to b* dealt with tn applied research. However, these projects 
were not included m th,s review as no practical work has yet been undertaken 
(stary 1966, 1967). 

- Aphidius at turn. This parasite, as an indigenous species, was introduced in cereal 
fields to control com aphids ,n England. The development of the introduced popula- 
tions was observed 21 d compared with the normal dispersal and further development 
of parasite populations :n other fields (Arthur 1944, 1945). 

- Apludius eri 1. i*o t editions of this species were introduced from France and 
Germans into the >v:stcm United States in 1963 for control of Acyrthosiphon pisunt 
(COOKE 1963). 

Populations fror.1 Eritrea and Lebanon were introduced to California in 1962 for 
control of Aryrt lostphon pisunt (mackauer & stary 1967). 

- Aphtd’us •ruirumae. This species was used in biological control of Myzus persicae 
m greenhouses in Canada. Populations were collected in the field and transferred to 
the greenhouse, where they were successfully cultured and proved to be an excellent 
control in the warmest greenhouses; sprays were not necessary in consequence 
(baird 1933). It was also found effective in greenhouse conditions by mcleod (1937) 
and smith (1931). The use of this species in aphid control in greenhouses is also 
reported from Great Britain (Biol. Control Inf. Bulletin 1967). 

Populations were introduced from France to Maine in 1957, 1958 to control 
potato aphids. Recovery low, no substantial increase (shands et al. 1963). 

Populations from Iran and Israel were introduced to California in i960. Mass 
rearing and release in California (mackauer h schlincer 1963). 

- Aphidius megourae. Populations from the environs of Moscow, U.S.S.R., bred 
from Mtgoura viaae, were introduced into Czechoslovakia in 1962, reared m the 
laboratory and initially established in 1963 (intra-areal introduction). No recoveries 
were made in subsequent years due apparently to the release of material in low 
numbers on annual crops (Vicia faba), timcofrclcasc(autumn), and heavy infestation 
of predatory thrombicuhd mites in the natural release plot. The control object was 
Megoura vuiae. The experiments were principally intended to serve as a certain 
course in laboratory research on parasite biology as well as development of methods 
used in the field, the techniques being later applied in parasites of true pest aphids. 

IUs.: Stary 1964, 1966. 

- Aphidius puldier. Populations of this species were transferred from New Jersey to 
western U.S.A. to control Aryrthosiphon pisum. Initial establishment and permanent 
establishment v. ere successful (cooke 1963). 

- Aphilm, W,ra. Populations introduced from Cal, fora, a to Australia. Release m 
1962 In 196] further recover)' and successful release. Now widely distributed m 
Melbourne and adjacent areas (stubbs 1962). Note: according to unpublished 
"f°S f D - ,luc "“ ihcse populations belong to at least H species neither 
of winch is the original introduction from California 

Kfes.: Mackauer et Stary 1967. Stubbs 19a 

°"?T' P°P“ I "™>»‘» collected and reared from Aqnho- 
iZZ , lnd,i ' Ub °™c>' >■«* reared a, New Delhi. .,0 aphid 

. Moorestown. U.S.A , msectary. ,hc mater.al provrded .7 95 for 

Objecsof control • A “rtl,»n,“™ ' W ’ d “ 7J ’“° wcre P ,od "“‘ 1 - 

CoWaT J Ara”o'„™ U ""' J Oregon. Idaho, Cahfomia, Utah. 

°ck was sent to California inscctancs (see: below). 



In 1961, releases (from Californian stock) in Oregon and New Jersey. Recoveries: 
subsequent to the release in 1958 recovered in Delaware, New Jersey ; every following 
Year attempts were nude to recover the species at various release sites but results 
were negative. In the autumn of 1965, however, recoveries were from several 
localities in New Jersey, Pennsylvania, and Delaware, parasitization 18% (max. 
25%) in collections taken. In November 1965 recovered in North Carolina and 
Maryland. The observations made in 1965 show that the parasite is established and 
suggested that it might become a widely dispersed and important parasite in the 
eastern United States (angalet a coles 1966). 

In Maine, introduced and released in 1958 to control potato aphids. No recoveries 
(shands et al. 1965). This failure in establishment is obviously due to propagation of 
the parasite on other hosts in the field. As far as it is known, it attacks AcyrihosiphoH 
pisum only. 

In California, releases were started in alfalfa fields in 1958 and by May i960 more 
than 220,000 parasites were released. The parasite became established in several 
coastal valley alfalfa fields in 1958 and by the followmg spring the colonics were 
spreading rapidly into surrounding fields. In the autumn of 1959 the parasite was 
exerting considerable control of the aplud in most colonized coastal valleys. A survey 
in spring i960 showed that the parasite became widespread in many anterior valleys, 
including the desert regions of southern California. The absence of the aphid in the 
inland valleys during the summer docs not enable the parasite to survive in sufficient 
numbers to become permanently established: there is no aestival quiescence in the 
parasite to survive such a period. Other factors limiting the effectiveness arc absence 
of alternative hosts, adverse weather conditions, and harvesting practices. Consider- 
able research has been prolongated. The success is substantial. 

Rfes.: v.d. Bosch 1965, 196 6, v.d. Bosch et Schlinger 1965, v. d. Bosch et al. 1966, 
Cooke 1963, DeBach 1964, Finney et Fisher 1964, Hagen et Schlmgcr i960, Mac- 
kauer et Bisdec 1965, Stem et al. 1964, Wiackowski i960, 1962. 

Introduction to Hawau: insectary stock population sent from California. Intro- 
duced on November 3rd and 10th, i960. Release number and periods: November 
i960 - 750, January 1961 - 655, February 1961 - 200, March 1961 - 2000: 3,605 
altogether. Host: Acyrthostphon pisum on alfalfa. Recovery' a month later after 
release at Ewa, Oahu. It has smcc been liberated and recovered in Kauai and Maui. 
Field collections showed heavy parasitization. Recoveries also in 1963. Success 
spectacular (f. J. simmonds, unpublished suggestion). 

Rfes.: Annual Report 1960-61, 1961-62, 1963, Beardsley 1961, Davis 1961, 
Davis et Krauss 1962. 

Introduction to Czechoslovakia: first laboratory stock received from Riverside, 
California in 1962; only laboratory studies were undertaken and the relationship of 
the introduced species to the indigenous Aphidius ervi was dealt with, the parasite 
being incorrectly supposed to be identical. Host: Acyrthosiphon pisum. Another 
shipment obtained from Albany, California in 1967. Laboratory studies, mass- 
rearing and release experiments are in progress. 

Introduction to Poland: populations were introduced from Riverside, California 
into Poland in i960. Laboratory studies undertaken, release made on alfalfa fields. 
Host: Aq-rthosiphon pisum. No further records. 

Rfes.: Wiackowski 1960, Wiackowski et Wiackowska 1961. 

Introduction to Canada: in 1964 laboratory stock was sent from California to 
Belleville, Canada, and reared 111 the quarantine laboratory. In the same year, the 
parasite was taken in the commercial alfalfa fields, being fairly abundant. As the 
species liad been liberated in various localities of the eastern Umted States as early as 
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1958, an immigration via the Niagara Peninsula or across the Upper St. Lawrence 
River seemed more likely. It is still a question, whether the parasite is actually 
established in southern Ontario or merely invades this part of the country annually 
from the eastern United States (mackauer a bisdee 1965)- The authors seem to 
overestimate the role of the (accidentally) spread introduced parasite on Canadian 
alfalfa fields studied. It is mentioned as having displaced a native parasite species, 
although it is obvious from the tables mentioned in their paper that the native 
parasites were rare or even lacking at the localities where the introduced parasite was 
not established. 


Rfes.: Mackauer ct Bisdce 1965. 

- Aphtdtus trauscaspinis. Populations were received from Italy and Israel 1964 {#* 
prutii). Releases made in 1964, 1965 and 1967 in Czechoslovakia. Initial establishment 
successful. The research on the factors that influence the permanent establishment is 
still in progress. 

The parasite is also reported to be mtroduccd from Lebanon to California and used 
in biological control of Hyalopterus pnini and Rhopalostphunt nymphaeae (Biol. 
Control Inf. Bulletin 1967). 

Rfes.: Biol. Control Inf. Bulletin 1967, Stary 1964, 1965, 1966. 

- Aphidius sp. Populations were introduced from France in 1962 to Maine to 
control potato aphids. Release period and release number mentioned as favourable, 
small chance of establishment (shands ct al. 1965). 

- Aphidius sp. Population of this species was introduced from Japan in 1913 into 
the Hawauan islands to control an unknown aphid species. Failure of establishment 
(swezey 1931). 

- Diaerctiella rapae. This species is reported as having been introduced into Hawaii 
in 1902 (wilson i960). 

- Ephedras incomplctus. Indigenous populations of this species were found effective 
in controlling Macrosiphum rosae in greenhouses in the eastern United States (withing- 
ton 1909). 

- Ephedras pcrsicae. Indigenous populations of this species were used in control of 
Myzus persicae in greenhouses in Canada (mcleod 1937). 

Populations were introduced from Lebanon to California in 1965 (mackauer a 
stary 1967) to control Rhopalosiphum maidis (B10L Control Inf. Bull. 1967). 

- Ephedras plagiator. Populations were introduced from Taiwan mto California in 
1961. Additional releases were from Japan to California in 1965 (flesciiner I 9 ^ 3 » 

MACKAUER & STARY 1 967). 

-Lysaphidiis platensis. Native populations were artificially inoculated in cereal 
fields to control Schizaphis gramtnum in Argentina and Uruguay (griot 1944 * 
SILVEIRA GUIDO A CONDE JAHN 1946, MILLAN 1956) 

Populations were introduced from Brazil to California (mackauer a stary 1967)- 

- Lysiphk bus fabarum. Populations were introduced from Lebanon to California 
in 1965 (mackauer a stary 1967) It is reported to be used in control of Myzus 
prrsicae and Aphis fabae in Germany (indigenous populations) (Biol. Control Inf. 
Bull. 1967). 


- Lysiphiebus testaceiprs Intra-areal introduction in Kansas . indigenous populations 
were used in artificial inoculation on cereal fields attacked by Schizaphis grammutn 
in northern areas , the delay of parasite occurrence that occurs in natural coincidence 
was believed to be overwhelmed ui this way. Artificial foci developed, 20-30,000 
parasitized aphids put in each, considerable reduction of aphid number in conse- 
quence reporte (hunter 1909, iiuNTtR a clenn 1909). webster (1909) reports that 
experimental distribution of the parasites for control of the aphid gave negative 
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results. Some records mentioned need a revision: one $ is reported to have killed as 
many as 2,000 aphids during 25 days and 10,000 aphids during 30 days ( !). 

Introduction to Hawaii (1): populations were introduced from California to 
Hawaii in 1923. Release and recovery successful (see: islands) (illingworth 1929, 
Notes and exhibitions 1924, 1928, 1929, I93>. I94 <>. swezey 193 1935. 1937* 

SWEZEY i BRYAN I929, WILLIAMS 193 O' 

Introduction to Poland: populations were introduced from California to Poland 
(laboratory) in I96 o(wiackowski a wiackowska 1961). 

Introduction to Hawaii (2): another population of parasites was introduced from 
Mexico to Hawaii in May 1965, to control Aphis ncrii, which immigrated to Hawaii 
in February, 1965 (Ann. Report 1965). First, it is a question whether Aphis ncrii had 
to be controlled. We have found it to be an important alternative host of Lysiphlcbus 
lestaceipes in Cuba, where its significance as alternative host of this parasite seems to 
be greater than the damage which is made by the aphid to Nerium shrubs. Further, 
it is not apparent whether an earlier introduced population (1923) of the parasite 
would not also attack the aphid. 

Introduction to Czechoslovakia: populations were introduced from Cuba to 
Czechoslovakia in 1966. In a heated greenhouse they were successfully reared for 
several months on Aphis spiraccola and Toxoptcra atirantii on Citrus, and on RJiopahsi- 
phutn maid is on maize. Later they did not survive as their hosts died due to unfavour- 
able conditions of their host plants. No field releases were made. 

Rfes.: Annual report 1965, Beardsley 1961, Bianchi 1941, Fullaway 1915, 1924, 
1932, Holdaway et Nishida 1946, Hunter 1909, Hunter ct Glenn 1909, Illingworth 
1929, Notes and exhibitions 1924, 1929, 1929, 1931, Swezey 1931, 1937, Swezey et 
Bryan i929,Webster i909,Wiackowski et Wiackowska 1961, Williams 1931. 

- Lysiphlebns sp. Populations were introduced from Japan to Hawaii in 1913. 
Failed to become established (swezey 1931). 

- Lysiphlebns sp. A species is reported to be introduced from Lebanon to California 
to control Aphis fabae (Biol. Control Inf. Bull. 1967). 

- Praon exoletum. Populations were introduced from Mediterranean region and 
the Middle East into California in 1955-56 and became widely distributed over the 
state as well as in other states during the years. Control of the host, Therioaphis 
irifohi, considerable. Released ui other states (Utah, Arizona, Mexico) or naturally 
spread. Extensive information may be found in the literature. The parasite, similarly 
to Trioxys eomptanatns, may be classified as the first parasite applied in the biological 
control of an aphid pest in accordance with a well elaborated program. 

Rfcs.: Anonymus 1961, Barnes i960, Bartlett 1958, v.d. Bosch 1956, 1957. 
v. d. Bosch et al. 1964, DcBach 1964, Finney et al. i960, Goodarzy et Davis 1958, 
Hagen et al. 1958, Harpaz 1955, Knowlton 1966, Liuti 1961, Nielson et Barnes 1961, 
Padilla et Young 1959, Schhnger et Hall 1960, Smith R. F. et Hagen 1965, Stem et 
v. d. Bosch 1959. Stem et al. 1958, Wiackowski i960. 

- Praon jiavinode. Populations were introduced in 1936-8 from England to Australia 
to control TuberculoiJes aiunilattis (wilson i960). 

- Praon peqitodornm. Populations were introduced from New Jersey to control 
Acyrthosiphon pisum in eastern Washington and Oregon (cooke 1963). 

- Praon volucre. Populations were mtroduced from Europe to the U.S.A. (mackauer 
1959)- 

Populations were introduced from Israel to California in i960 (fleschner 1960). 
Note: wilson (i960) reports this species as being mtroduced from England to 
Australia, however, this is apparendy Praon jiao inode as P. volucre does not attack 
the aphid mentioned. 


527 



- Tnoxys augehcae. Populations were introduced from Israel to California in i960 
(fleschner 1963 ). 

Populations were introduced from Lebanon to California in 1965*6 (mackaueh k 
stary 1967) to control Aphis fahac. (Biol. Control Inf. Bull. 1967). 

- Tnoxys (omniums. Populations were introduced from Taiwan and released in 
California in 1961 (fleschner 1963). 

- Tnoxys coinplaiiaius. Similarly as Praon exolctum, the species was introduced from 
the Mediterranean and Middle East to California m 1955*6 t0 control Tiierioaphis 
tnfolii. It has become widespread over the state during the ) ears as w ell as in some 
other states. In some states it was purposely released, while naturally spreading to 
others. Considerable information may be found in the literature. 

Rfes.: Anonymus 1961, Barnes i960, Bartlett 1958, v. d. Bosch 1956, 1957* 
v. d. Bosch ct at. 1964, Conrad ct Mcdlcr 1965, DcBach 1964, Finney ct al. i960, 
Goodarzy ct Davis 1958, Hagen ct al. 1958, Knowlton 1966, Liuti 1961, Nielson ct 
Barnes 1961, Padilla ct Young 1959, Schlingcr ct Hall i960, Smith R- F. ct Hagen 
196$, Stern ct v. d. Bosch 1939, Wuckowski i960. 

- Tnoxys palhdus. Introduction to California : populations to control Chromaphis 
juglanduola were introduced from France m the late spring of 1959. Initial field 
colonization in 1959 (and continued to 1962). Successfully established, highly effec- 
tive in some districts, principally because of close coincidence with the host’s occur- 
rence (v. D. boscii ct al. 1962). In northern California released in 1961 and 1962, 
recovery in 1964; the parasite successfully overwintered; parasitization in samplcs- 
1963-23%, 1964-only 9% (sluss 1967); it docs not seem to play an important role 
m the population dynamics of the aphid (sluss u ilacen 1962). 

Another population was introduced from Iran to California in i960. The stocks 
of the Iranian population arc expected to survive better in the warmer walnut areas 
in California than the French population (v. D. bosch ct al. 1962). 

Rfes.: v. d. Bosch ct al. 1962, DcBach 1962, 1964, Fisher ct al. 1959, Schlingcr 
i960, Schlingcr ct al. i960, Sluss 1967, Sluss ct Hagen 1966. 

Introduction to Tasmania (as “Trioxys aceris Haliday”): Populations were intro- 
duced in 1936-8 from England to Australia to control Tuberculoides aimiilatus. Estab- 
lished in 1939- No further introductions, but the parasite became distributed in 
Tasmania during 1939-1941; as a result of the natural and artificial spread of the 
parasites the aphid became heavily parasitized in many areas of Tasmania. The 
parasite was accidentally introduced to Australia. 

Rfes.: Ent. problems 1940, Evans 1939, Miller 1947, Wilson i960. 

- Trioxys sp. Populations were introduced from California to Hawau in 1907 t0 
control Toxoptera aurantii. No further data available (swezey 1931). 

- Umdentijied parasite species. Origin various, mentioned in a complex of natural 
enemies. Introduced into Hawaii in 1900-1 923 to control Loneiunouis sacchari (debacH 
I964, PEMBERTON 1948). 

From: Queensland and N.S. Wales. Introduced: other parts of Australia. Host: 
Breuuoryne brass, cae. Release 1902 No further data, wilson (i960) correctly men- 
tioned that this is probably DiaereUella rapae, which is commonly distributed both in 
western and eastern .Australia, being first recorded from Australia in 1902 (ALEXANDER 
1923, WILSON i960). 

i 9 6o) m: N S WaleS ‘ Introduccd ' Queensland. Host- aphids. Release- i 9 02(wilson 

From: Queensland Introduced- western Australia. Host: aphids. Release: 1902 
WILSON i960). r 
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From: Marseille, France. Introduced: western Australia. Host: Toxoptcra aurantii. 
Release: 1903 (wilson i960). 

From: Seville, Spain. Introduced: western Australia. Host: aphids. Release: 1903 
(wilson i960). 

From: Algeria. Introduced: western Australia. Host: Toxoptcra aurantii. Release: 

1906 (jENKINS 1946, WILSON i960). 

From: Ceylon. Introduced: western Australia. Host: Toxoptcra aurantii. Release: 

1907 and 1909 (jENKINS 1946, WILSON i960). 

From: Colombo, Ceylon. Introduced: Australia. Host: Brcoicorync brassicac. Re- 
lease: 1907 (wilson i960). 

From: Ceylon. Introduced: Australia. Host: Brcvicorync brassicac. Release: 1907 
(partial results) (debach 1964, Jenkins 1948, wilson i960). 

From: Orient. Introduced: Australia. Host: Brci'icoryne brassicac. Release: 1909 
(wilson i960). 

aphid-vectors. According to maramorosch (1963) the types of aphid transmission 
of plant viruses can be charactenzed by two extremes: 

1. Non-persistent or mechanical, in which aphids can acquire and transmit a virus 
within a matter of seconds or minutes, but soon loose the ability unless they have 
access to another virus source. 

2 . Persistent or non-mechanical, where apliids often require hours for transmission, 
but where they continue to transmit virus for many days after removal from the 
virus source. However, there is a great number of intermediates, which arc neither 
persistent nor non-persistent. 

With respect to the circulation in the aphid body, there arc stylct-bome or circu- 
lative viruses distinguished. In stylct-bome viruses the mfectivity is lost when the 
aphid moults, in circulative viruses the virus is uigested and passes to the salivary 
glands and in this case the effectivity is not lost when moulting (Kennedy, day & 
eastop 1962). 

Virus transmission by aphids can vary in three ways: (1) variation in virus 
transmission among different clones or strains of one species, (2) variation among 
developmental stages, (3) variation among different forms of one species (mara- 
morosch 1963). 

It is obvious from the comparison of the types of virus transmission by apluds 
and the influence of parasitization on the host that the parasites are not capable of 
preventing the transmission of the disease if the aphid-vector attacked the plant: 
on the one hand, viruses are mostly transmitted by alate aphids, while most of the 
parasites prefer low instar apluds when ovipositing and mummify them prior to 
the aphids reaching maturity. On the other hand, even the parasitized aphids have 
enough time to transfer the virus as the parasite larval development needs several 
days for completion and the larva kills the aphid, and this time is more than sufficient 
for the transmission of the virus by the vector. 

Thus, it seems that the parasites can only reduce the population of potential vectors 
inside the crops or in stands from which the aphids disperse. However, also in this 
case the aphid number that survives seems to be sufficient for dissemination of the 
disease. The parasites, contrary to predators, do not lower the aphid density in a 
colony to low levels which would be too low for alate production (comp, bonne- 
maison 1948) as the parasitized aphids mostly remain inside the colony. In every 
case, there is no doubt that a low population density of aphids-vectors is enough to 
cause injury, while such a density of apluds causing injury by sucking could be 
negligible (sec: stern et al. 1959). Tlus point of view may also change the relative 
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PERCENTAGE TRANSMISSION 



Fig. 322. Infcsuvity of alatac after developing and flying from sugar beet plants 
infested with viruses. Each result is based on the number of transmissions by 40-150 
aphids tested singly, in pairs in groups of three (cockbain & ilEATHCOTE 1965)* M.p. - 
Myzits persicae, A.f. - Aphis /abac, UMV - beet mosaic virus, D YV - beet yellow virus, 
UMYV - beet mild yellowing virus. 


significance of parasites in control of different aphid species attacking the same crop. 
For example, according to cockbain * heathcote {1965) there is no doubt that 
Myzus persicae is a more important pest, although less numerous in the sugar beet 
stands, than Aphis fabae, on sugar beet. With respect to parasites, we could then 
expect that even a high percentage of parasites of A. fabae would be less significant 
with respect to the injury than the relatively lower parasitization of M. persicae 
(Fig. 322). Consequently, the parasites seem to be only partially helpful in vector 
control. 

Our above mentioned opinion is not based on experiments, but only on the 
evaluation of parasite effectiveness both if the parasites act as limitation or control 
agents, where 100% parasitization of host population is rare and may be observed 
only in some colonies. It is necessary to add this, as bahtlett a v. d. boscii (1964) 
expressed a contrary opinion, however, with respect to general biological control 
problems, where natural enemies arc mentioned as being capable of maintaining 
their hosts at exceedingly low densities. 


AUTOdDAL control. Autocidal control has been experimentally dealt with also in 
aphids. Various substances have been proved in order to recognize the possibility of 
using certain agents in aphid control, for example, of chemostcnlants. As this method 
has been found to be useful when applied to certain insects, there is a theoretical 
possibility that « could be found also useful in aphid control programs. For this 
reason we should deal here, at least picbmnunly, with the application of autocidal 
C ° 1 I 5 0 s m a P d pest control and its possible significance for the parasites. 

a -rT dt . arC m0St y P atthcn ogcnetic. in any case during a certain part of the 
ph , C "° meno L n sccms l <> eliminate a sterile male method. However, when 
he progeny of the parthcnogcnctic aphids would be affected m a certain way, then 
rhev S!}° n fl WhCthCr J hc chcm,cal a 8 cnt » would be selective in action or whether 
Wh "T, ,nflucncc tHc parasite larva that develops within the parasitized aphid, 
an inferior W °i C 46 c ^ t,vc * l ^ c a phid would gradually produce progeny of 
“ inferior qnrh.y, iheie would be no influence on ,he pn.s.le. When .hi ugen. 




would not be selective, the autocidal aphid control would represent simultaneous 
elimination of parasite population; in this case, the parasite could survive only when 
attacking other aphid species. These preliminary considerations as well as the problem 
of ecological homologucs and community equilibrium with respect to autocidal 
control of apliids are a matter for future research. 

Rfcs.: Bhalla ct Robinson 1966, Harries ct Wiles 1966. 
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CHAPTER. XII 


Integrated Control of Aphids 


PRINCIPLES AND terminolocy. Integrated control has been defined as the integration 
of cultural, chemical and/or physical control methods with the effect of enemies of 
pests (franz 1961, fig. 323). 

The basic principles of integrated control have been summarized by smith (i 962, 
1963) as follows: 

1. The complete complex of organisms, the culture of the crop and the condi- 
tioning environment arc considered together as a unit — the ecosystem. 

2. The population levels at which pest species cause harm, or damage or arc a 
nuisance, must be determined and control measures directed to keep pests below 
these economic levels rather than attempt to eliminate them completely. 

3. Necessary control measures should be designed to give adequate control but 
in a manner which docs not upset some other part of the ecosystem. 

There are some difficulties as to the delimitation of the ecosystem. Integrated 
control measures arc developed around a certain crop and thus the given crop area 
should limit the ecosystem. Nevertheless, as mentioned by smith (1962), some widc- 
ranging organisms, such as aphid species (Therioaphis, Toxoptera), make delimitation 
of the ecosystem extremely difficult. We have perhaps solved the matter in elabo- 
rating the multilateral control concept (Chapter XIII), which basically supports the 
integrated control around a certain crop, but the neighbouring ecosystems whose 
members may invade and influence the given controlled ecosystem arc also dealt 
with. A multilateral control concept stresses the avoidance of a research of an eco- 
system, wluch should be controlled without any basic information on the other 
ecosystems in which the sources of the key pests may occur. Multilateral control was 
originally elaborated on aphids and their parasites, as the aphids represent just pest 
organisms which alternate either obligatorily or facultatively the various ecosystems 
in the course of the season. 


The integrated control approach has been elaborated purposely to prevent as much 
economic loss due to pest occurrence as possible. Tlus approach means that not all 
the insect species which occur in the given ecosystem arc of equal value. Our main 
”, n ^ UraI,y pa ' d to consumers of the plants, 1 c. the phytophagous insects. 

Consequently, smith (1962) dnnded the pest species into three groups: 
the whole scamn pCrs,$tcnt pcsts * wh,ch “use harm practically throughout 

oJvm ™r, 8r ° UP rcprcscn ‘ s thc occasional pests, wluch cause economic losses 

allow the, numbers .o 


unfa ,h ' P °" n,Ul l ™- W, " d ‘ d ° 

It .s a very important feature of integrated control that the key pest species should 



papulation density 



Fig, 323. A scheme of natural limitation and control relation (after franz, 1961). 



Kg. 314. Schematic graph of a theoretical arthropod population over a period of time 
and its general equilibrium position, economic injury level and economic threshold 
(stern, 1966 ). 
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be handled in a very careful manner so as not to upset the natural limitation or control 
of the occasional or potential pests (see: smith, 1962). 

The next basic point and problem of integrated control is the determination of 
population levels at which a given organism is considered to be a pest. It has been 
mentioned 111 the natural limitation chapter that the population of every species 
winch occurs in a given ecosystem has a certain equilibrium position, around which 
its population number fluctuates. This is a natural state which occurs m ail the eco- 
systems. Nevertheless, the interests of man should avoid some fluctuations in pest 
population levels, as on these levels the pest causes considerable damage to the crop, 
the agroecosystems arc just characterized by far less stability than the natural eco- 
systems. stern ct al. ( 1959 ) have developed the classification of pest population 
levels for integrated control purposes as follows: apart from the general equilibrium 
position which is a natural state, they distinguish the economic injury level, which is 
the lowest pest population density that will cause economic damage. As the integrated 
control measures need a certain period before they come into action with respect to 
the population controlled, it is necessary to distinguish another population level at 
which the control measures must be applied to prevent the pest population reaching 
economic injury level. Such a population level was classified as an economic threshold 
by the mentioned authors (Fig. 324). Thus, before an integrated control program is 
developed, we must know the general cqudibnum position, the economic threshold 
and the economic injury level at least in the key pest species. It must be mentioned as 
an addition that the economic threshold is not a constant phenomenon; it vanes 
depending on the crop, season, area and desire of man. 

Another rather important phenomenon of integrated control may be denved 
from the above classification of pest population density levels. Integrated control 
does not require the eradication of a pest population in a given ecosystem. The levels 
of the pest population beneath the economic levels must be preserved because of the 
stability of the ecosystem, as a certain pest population density is necessary for the 
occurrence of the natural enemies of the pest in the given ecosystem. The elimination 
ot the pest species would influence the community stability and cause a possible 
adverse situation as is known in numerous cases of insecticide applications which 
were earned out irrespective of ecosystems. 


APinDS as control objects. Some basic features of aphids as a group with respect 
to integrated control should be mentioned. 

Aphids occur practically in all types of terrestrial habitats of the world. The 
monoculture character of the agroecosystems is very suitable for them. 

As to the number of species, the aphids arc distributed mostly in a temperate zone, 
in the subtropics and to a small degree in the tropics. However, even in the tropics 
they are rather significant pests, although the distribution of many pest species is 
due to agnculturc. ‘ 


The aphids represent pests of all the above mentioned kinds, i.e. permanent, 
occasional and potent.al pelt. They arc also known lo be typical potential pests 
which become stgntf, can, due to non-select, vc msectte.de treatment. 

The aphid, alternate the ecosystems during thetr life, this being either an obligatory 
or factdtattvc phenomenon. This enables them to mvade an ecosystem, namely the 
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r rilin'! 1 "’’ 1 ' a [ atb “ powerful reproductive potential and they are capable of 
ivoible ‘ " a ^ when environmental eondt.ton, are 


$34 



Due to their numbers and occurrence ofalate progeny they are able to spread and 
disperse rather rapidly. 

The aphids may occur perennially on a certain crop or they may be only seasonal 
pests. 

Aphid spedes in a given crop may occur in a succession, some spcdcs occurring 
only in a certain crop (apple, Dys-iphis plantaginca, Aphis point in the temperate zone 
of Europe, etc.). Or the spedes may occur perennially, but the peak numbers of 
separate species are reached in a succession (alfalfa, Acyrthosiphon pisttm and Tltcrio- 
aphis trifolii in Europe, California, etc.). 

Variability of the economic threshold as well as of economic injury levels is rather 
different in the same or different aphid species. The same aphid spcdcs may cause 
different kinds of damage on different crops. It may be of less value on a perennial 
crop and important on the annuab.lt can cause damage by sucking on one crop and be 
a significant vector on another crop. It may be a pest on irrigated lands and remain 
beneath economic levels on non-imgatcd lands, etc. Further, the level of economic 
damage is gradually lower as we try to obtain as much harvest as possible. 

On the other hand, aphids arc attacked by a number of natural enemies, which 
are considerably important in influenring the population numbers of the aphids. 

aphid parasites as acents. In the classification of natural enemies with respect to 
integrated control smith (1962) divided them into the three following groups, which 
naturally also cover the aphid parasites: 

1. The first group includes the so called incidental natural enemies, which are of 
little or no importance in host population determination and are m fact mercy 
dependent on their hosts as a source of energy. 

Many aphidiid parasites could be mentioned. They are cither generally rarlc 
species, which are connected with the ecosystem, or they may be spedes which are 
rare in the given ecosystem but which may be common and effective m other eco- 
systems due to their occurrence as parasites of more preferred hosts, habitat and 
microhabitat preference, etc. Nevertheless, with respect to the given ecosystem their 
role in limiting the population numbers of a given pest is the same. 

2. The second group includes the natural enemies which are partially effective in 
pest population determination. They may reduce a pest population to subeconomic 
levels in some years, m some places, or in certain seasons, or they contribute to a 
lowered general level of the pest. These natural enemies are very important m 
integrated control programs. 

It seems that the greatest part of the aphidud parasites, which attack the economic 
pests, belong to this group and thus their significance is well documented. The 
aphidiids are a part of the aphid natural enemy complex and consequently their 
effectiveness seems to be generally partial in the course of the season. 

The parasites take part also m determining the pest population m other ecosystems 
and thus also in this respect the multilateral control approach must be stressed. 

This aspect on the aphidud parasites seems to change basically their classification 
with respect to their use in aphid control. In earlier times, when “full” biological 
control was requested, the aphidud parasites often were not considered to be very 
useful. For example, uixyett (1938), who dealt with the influence of Diacrctiella 
rapae on the populations o( Brevicoryne brassicae in S. Africa, was rather sceptical as to 
parasite effectiveness, presuming that it is dear that, generally, the parasite labours 
under serious disadvantages (interspecific competition with predators, action of 
hyperparasites, sex ratio, climate) which are apparently insurmountable. We could 
rc-classify such an opinion from the integrated control point of view in that mter- 
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specific relations, hyperparasites, sex ratio and climate arc the common factors 
which influence the population number of every natural enemy in a given ccosy stem. 
Nevertheless, if the given parasite (natural enemy) exhibits a partial effect in limitation 
or control of its host population in a given ccosjstcm, it might be valuable and useful 
in an integrated control program, as its action, as well as the action of other species 
of a similar character, can be supported and completed by other control measures. 

3. The third group includes the completely effective natural enemies. These 
species keep the potential pests below economic threshold all, or at least, most of the 
time. 

In the aphiduds, because of their position in the complex of natural enemies, such 
effectiveness seems to be rare. Perhaps, only the spectacular eases of biological control 
such as Acyrthosiphou pisunt - Aphidms stiuthi in Hawaii could be mentioned: in this 
ease, however, both the host and parasite arc introduced organisms as well as the 
host plant, the alfalfa, so that the conditions of the ccosy stem, the alfalfa field, exhibit 
peculiar (occatuc island) features. 


IDEAL STATE AND reality. The ideal way to develop an integrated control program 
was summarized by beirne(i96x). This way means, (1) to introduce as many biotic 
agents into the picture as possible; then, (2) to intensify their effects by suitable 
environmental manipulations; (3), to apply appropriate insecticides to suppress 
incipient outbreaks where necessary. 

It is obvious that a really complete integrated control program, or the optimum 
integrated control program as mentioned by borne, needs a quantity of records on 
each pest species in a given ccos)stcm. And we must stress that these ecosystems 
differ from each other 111 separate countries, even though the plant community, i.e* 
the crop, may be the same. Thus, if we bear in mind this fact, the number of research 
teams, the financial costs, the organisation of practical attempts, the education of both 
administrative agencies as well as the farmers, there is no doubt that the reality 
differs considerably from the ideal state. Nevertheless, this state must not be dis- 
couraging. We should keep in our minds also the whole story of insect pest control 
and all the trends, the successes achieved and the mistakes made. There is no doubt 
that an integrated control approach is the only trend for the present and the future 
control of pests. Undoubtedly different levels in various countries and on various 
crops and a wide range of modifications will exist, but the principal trend will remain 
the same. Furthermore, the really scientific approach to the problem and elaboration 
of the foundations of integrated control is a matter of a little more than 10 years and 
even during this relatively short period significant results were achieved in various 
countries of the world, especially m the U.S.A. in California. 


eradication and intecrated control. It is well known that eradication has 
many posmvc features and it has been successfully apphed on several insect objects. 

mC Tu miy J 30 rcLmvc, y short-termed, the development of resistant 
SSI pr ’ CradlCatlon tcchm S uc may be specific for one speaes and, 
finally, the environment is not contaminated (debacii i£sA 
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U tions can soon be expected. Finally, the aphids arc attached by a number of natural 
enemies in nature, the activity of which should be exploited in the interest of man. 

The second viewpoint is that of the ecosystem. The application of insecticides 
shows that if a population of one species is eliminated in a given ecosystem, the 
population of another species that was little or not at all touched by the treatment 
may increase to economic levels. In the agricultural crops especially we could expect 
a similar situation in the ease of the eradication of an aphid population. Then, the 
occurrence of natural enemies, including parasites, would be made impossible 
because of the eradication of their food source, the aphids. 

The third point of view is the duration of the eradication effect in a given eco- 
system. We have shown above that invasion of other aphid populations into a given 
plot can soon be expected. This considerably decreases the value of eradication as a 
method of aphid control, as the pest can appear again, while the natural enemies, 
including parasites, arc absent. This situation closely resembles that which occurs due 
to insecticidal treatment. We can only agree with smith & Reynolds (1966) that 
eradication is the antithesis to integrated control, just because an integrated control 
program often requires the continuous existence of a pest population (low densities, 
subcconomic levels) in the given ecosystem. 

debach, when dealing with the relation of pest population eradication and the 
action of parasites, mentioned a possibility that natural enemies should be imported 
and established as a preliminary to eradication procedures directed against well 
established pest species; it is well known that the lower the pest population density is 
to begm with, the earlier and more economical it is to secure eradication by the use 
of sterile <J<J or other techniques, etc. In our opinion this could be useful in an eradi- 
cation program of vectors of diseases of human health, etc., but m (aphid) pests of 
agriculture in continental areas the integrated control seems to be preferable owing 
to the above mentioned reasons. 


Program 

ecosystem. As we have shown in the natural limitation chapter the ecosystems 
exhibit a various degree of stability. The classification of the given ecosystem with 
respect to its stability is of basic significance in the integrated control program. 
Annual crops are generally mentioned to be rather unstable ecosystems due to their 
short growing season, which does not provide sufficient time for the development of 
an equilibrium between the host and natural enemy populations. There is no doubt 
that annual crops are practically restricted to a period of one year or even one season 
at a given place, when they are drastically influenced by cultural practices and similar 
ecosystems associated with the given crop start to develop in the course of the next 
year. Nevertheless, even in animal crops we recognize different degrees of stability, 
the period ofharvest being perhaps the most significant. The cut flower plantings are 
probably least stable, while annual crops are harvested at the end of the growing 
season and exhibit considerably greater stabdity. Integrated control of aphids in 
annual crops on peppers (shorey 1961, 1962, etc.) has shown that even in annual 
crops this program could be successful. The ecosystems of a semi-pennancnt or 
permanent character such as perennial crop fields, orchards, and forests appear to be 
more suited to the development of an integrated control program. Naturally, even 
there, there could be difficulties such as a great number of key pest species, etc. In the 
permanent communities such as forests, wluch have a long rotation period when 
compared with crops, the basic difficulty is in determining the economic level of the 
separate forest pests (see : smith 1963 , franz 1966). 
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pest aphids. The kind of injury caused to the given crop is important as the control 
measures considerably change when an aplud is controlled as a sucking pest or as a 
vector. Seasonal histor) of the aplud and its relation to the given ecosystem is the 
next feature: an aplud may be a seasonal or perennial inhabitant in a given ccosjstcm 
and tliis lias an influence on the natural limitation and control measures. For example, 
if the aphid is a perennial inhabitant in a relatively stable ccosjstctn, we can expect 
that its population increase will soon be followed by the increase of the parasite 
(natural enemy) population, and then selective insecticide application to reduce the 
aphid population below tlic economic threshold can be expected to be favour- 
able for the action of the parasites. On the other hand, if we have an annual crop and 
the aphid first immigrates to the crop field, we can expect a rather poor limitation of 
its numbers during a considerably long period before the parasites arc able to disperse 
over the field and in this ease it seems that aphids could be controlled much below 
economic levels without danger of negatively affecting the increase of parasite 
population levels. The relation of the crop field to the neighbouring ecosystems, 
especially to those where the sources of the pest aplud occur, should be dealt with. 
The next step in pest classification is the determination of economic levels. It depends 
widely on the type of injury and kind of plant. When these economic levels are 
determined, the effectiveness of parasites (natural enemies) to limit aphid numbers is 
evaluated in order to recognize in which parts oft he season we can expect them to be 
helpful and m which parts of the season some gaps in aphid limitation by parasites 
are probable. The reason of outbreak, whether it was due to climatic and plant 
conditions, or whether it was caused by a treatment directed to another pest, should 
be determined. 


CONTROL measures. We have dealt With biological control in a separate chapter and 
thm 1 ts role m integrated control ,s only briefly mentioned here. 

Biological control, as one of the parts of integrated control, consuls generally of 
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insects to find adult food and alternative hosts there, and, (2) even in a cover crop 
system the orchard undergrowth is cultivated. 

The aphid parasites exhibit somewhat different biological features that make them 
different from the other entomophagous insects, nevertheless, we must not forget 
that the whole ecosystem must be dealt with; for example, if even rich undergrowth 
is not useful for the aphidiids, it may be a favourable environment for other natural 
enemies of aphids and other entomophagous species. 

The problem of undergrowth with respect to aphid parasites is widely dependent 
on the composition of the aphid pests which attack the fruit trees and, to a lesser 
degree, on the climatic zone. 

In most cases, the fruit tree pest aphids arc attacked by the parasites associated with 
deciduous forest habitats and this means that they do not parasitize the aphids living 
in the undergrowth but search only for aphids which occur in the tree- and shrub- 
layer. On the contrary, the aphid species in the undergrowth arc attacked mostly 
by a number of species associated with steppe habitats. Thus, m the temperate zone 
at least, the parasite complexes associated with fruit trees and undergrowth are two 
different groups: naturally, some intermediate cases are also known, but they are 
relatively rare. Therefore, first, with respect to parasites of fruit tree pest aphids, the 
shrubs and other trees in the orchard or orchard undergrowth are more important 
as a source of alternative hosts than the undergrowth . secondly, the undergrowth of 
a heterogeneous type might serve as a chrome focus of parasites of various field crop 
aphid pests. 

Nevertheless, there is another problem, that of clean cultivation. It is known that 
many of the aphidnds overwinter inside mummified aphids which are attached to 
fallen leaves. Clean cultivation, which means the covering of these cocoons by a 
layer of soil, is fatal to the cocoons. The influence of this layer on the parasite emer- 
gence was well documented experimentally (see; way 1965 , hozak in press). Thus, 
even if the heterogeneity of the undergrowth would not be important with respect to 
aphid parasites, the clean cultivation system is fatal to overwintering parasite cocoons. 

A somewhat different situation as to the relation between undergrowth and tree- 
layer may be found m the subtropics and the tropics, where the habitat-dependence 
of parasites exhibits somewhat different features than in the temperate zone. We have 
shown in the chapter on parasite foci that the pest species or alternative hosts of the 
parasites can commonly be found both in the tree and undergrowth layer in the 
orchards (Cuba). From this point of view, the undergrowth has a direct relation to 
the limitation or control of fruit tree pest aphid, m the tropics (Aphis spiraecola, 
A. cratcivora, A. gossypii, etc., in Cuba). The significance of shrubs and other trees in 
an orchard neighbourhood is the same as m a temperate zone. 

2. Shade trees, way-side trees and various ornamental shrubs and trees are rather 
important for parasite conservation, for example in the environment of orchards. 
We have shown m the chapter on parasite foa that they may be a source of both 
pest aphids and/or alternative hosts of the parasites. Consequently, such plant speaes 
should he preferred which are the host plants of economically indifferent host aphids 
that arc attacked by parasites which attack also economic pests. For example, Nenum 
oleander can be mentioned. It is attacked in many countries by a relatively narrowly 
specialized Aphis tisrii, which attacks other ornamentals or meadow plants, but does 
not attack economic crops. This aphid is attacked commonly’ by Lysiphlebus ambiguus 
in S. Europe and this parasite attacks a number of pest aphids such as Toxoptera 
auraii tii on Citrus, Aphis pttmeae on Punica granatum, etc. Similarly, in Cuba, Aphis 
iicrii is attacked by' Lysiphlebus testaceipes, which is a parasite of Toxoptera anraittii. 
Aphis spiraecola, A. craceivora, A. gossypii, Rlwpalosiphuni itiaidis and other pest aphids. 
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Thus, the possible significance of Nenum oleander plants in parasite conservation is 
well documented. 


3. Pruning and fertilizing m orchards. There is a great difference between a 
growing praxis in old and modem orchards. Tliis state was well summarized by 
wiidbolz (1965) : apple trees m a modern orchard differ fundamentally from those of 
former times. The period of growth was confined to spring in such sparingly 
fertilized standard trees, and ceased soon after their flowering. Growth similar to that 
in young trees is now maintained until late summer by pruning and fertilizing. This 
modem system of apple growing is connected with the amount of vegetative 
growth and just these young suckers arc the favourite food for many aphids and 
consequently the aphids have become more significant pests 111 apple orchards. This 
state in modem orchards lias been well documented by several authors (bodenueimeb 
St SW1RSK1 1957, POST 1962, WILDBOLZ 1965). 

The occurrence of many aphid species in orchards will thus be longer, due to the 
modern growing system. This means on the one hand, there could be a greater 
possibdity of host-parasite population balance to develop, nevertheless, there is 
another problem of parasite population density and the degree of aphid limitation 
by parasites in such orchards. 

4. Weeds. We have dealt with the weed problem in the chapter on parasite foci. 
In connection with integrated control we should have only to mention that the 
aplud fauna and associated parasites must be evaluated, in order to recognize whether 
the weeds and associated fauna have a ccrtam possible useful relation to the neigh- 
bouring crops or not, whether they arc a source of pest aphids, etc. In many eases, 
weeds may be useful in providing greater plant heterogeneity and stability of the 
ccosvstcm. 01 i 


5 . Uncultivated lands have common features in exhibiting great heterogeneity in 
plant cover and associated fauna. There may be some larger or smaller places where 
the original virgin community survived the general cultivation of the virgin land- 
S “ pC ’ " Uy bc scro " iln1 )' “"cultivated plots, which are often covered by 

y wee p nts , commonly, too, there occurs a mixed community, composed of 

members of virgm communities and weed plants, etc. 

These uncultivated lands, besides their incidental role in providing a supply of 
™A1 w'TT CV 7 P "‘ iphid! > *» ,l " ncl ghbouring cop fields, nigh, be 
a Imv , pk “' for , BrOWO, S ““"V honcyplants, both herbs and shrub,. 

St^rocZ, " ip,CUl ' Ure < IO “ !lK « *1 >9S3) and posstbly tt c„ uld have a 
positive role also in parasne consctvat.onfscc: Stax* tplia, , 0 Z ac 1 

plots of odtcrreiDD " ‘17°** slripVo'f crop Song larger 

covcV Xbo h Ter C of provld '"E » greater hetcrogenerry of pilot 

" Jy b ? “ ! °“" :d '™ h 1 d “ r '™‘ fauna and there may be a 
rfah interrelation, among the member, of the fauna, might be 

innul natural enemy conservation and pest limitation. 

the poutoismet” of'Er but'only'wT!'' P '° P “ C , d b / S, “ NDS “ aL m 

program would be dealt y predators were dealt with. When a similar 

parasites that occur in such systTn^wodd "““““jT of host of sc P* r3 “ 
parasites to pest aphrds attacking both the b ' thc relationship of the 

For example, in Europe, alfalfa ’,,,,,,. , . > ho "ld be made only on this basts, 
relations as to apltid parasites. ’ B aIld P ° U '° fic lds have almost no inter- 

7 . Strip farming constitutes a state 

;,np farming ntran, tmprovemen, of 6 re“cr 'STlST “ '’““V” lln F s ' , Th “. 
landscape. As io the nomenclature l P lant r hct «°gcncity in thc agricultural 
mcnciature, w c have therefore followed MARCO vixen (i 9 35) 
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profile before cutting 


uiLtii mu nl 

profile after cutting 


Pig- 325. Diagram of cutting procedure used in strip harvested fields in California. 
Strips were 120 feet and 150 feet wide, resp. iii the two fields studied in 1963 (stern, 
V.D. BOSCH 4 LEIGH I964). 

who developed this program on an experimental basis, when studying the relations 
of the fauna associated with turnips, beans, peas, com, cowpeas, cotton, okra, 
cucumbers and water melons. 

As is obvious, strip farming is closely related to intercropping and exhibits similar 
problems as to the aphid parasites. 

We should mention that we do not consider the alfalfa strip cutting or strip 
harvesting programs as developed by Californian authors (schunger 4 dietrick 
i960, etc.) to be a strip farming program, although it was classified m this way by 
v. d. bosch & telford (1964). According to our opnuon the expression “strip 
farming” should be preserved for the farming of different crops (see the above 
classification). 

8 . A strip cutting program has been developed by Californian authors (schunger 
Sc DIETRICK i960, STERN, V. D. BOSCH & LEIGH 1964, V. D. BOSCH et al. I964, V. D. BOSCH 
& telford 1964, v. D. bosch et al. 1966 etc.) as a practice which protects, at least 
partially, the conununity stability of the alfalfa field. Generally, it is a modified 
harvesting program allowing parasite conservation and favourable host-parasite 
population relationship to be undisturbed. 

In principle, strip cutting is a process of cutting and harvesting hay from alternate 
strips in the same field. When each set of alternate strips of hay matures and is cut, 
the other strips are about one-half grown. Thus, strips of growing hay are always 
available for the pest species as well as the natural enemies, and a more satisfactory 
population balance between each pest and its natural enemies can be maintained 
during the entire growing season (v. d. bosch 4 telford 1964) (Fig. 325). 

The Californian authors found that the generally used system of a single cutting 
of the whole field is rather unfavourable to parasite survival and to host- parasite 
population relations. The single harvest system means the removal of parasite 
mummies and even many aphids (green chopping), the parasite and host adults 
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Natural enemies 

Average number per acre 


Regular 

farming 

Strip 

farming 

Increase 


Lady beetles adults 

46,000 

205,000 

159,000 


Lady beetles larvae 

11,000 

232,000 

221,000 


Green laccwmg larvae 

195,000 

206,000 

11,000 


Parasitic wasps 

70,000 

287,000 

217,000 


Big-eyed bugs 

199,000 

401,000 

202,000 


Predatory spiders 

105,000 

1,094,000 

989,000 


Totals 

626,000 

2,435,000 

1,809,000 


Total per sq. ft. 

14 

56 

42 



Tabic 16. Strip-cutting alfalfa program. Important natural enemies of Thcnoaphis 
tnfolti. Brawlcy, 1959 (sqiuncer & dietrick, i960). 


emigrate, and both populations must again rc-invadc the field. Experimental 
evidence comparing the results obtained in normally mown Geids and strip-cut 
fields clearly showed the positive features of the strip-cuttuig system in alfalfa fields. 
This system was useful both in Thcnoaphis trifohi and Acyrlhosiphoit pisum integrated 
control programs. In Th. trifohi, there were 70,000 parasites found per acre of alfalfa 
in regular farming, while there were 287,000 in strip farming plots. A similar state 
was found in A. pisum (Table 16). 

The strip cutting program is useful both when the hay is taken in green chopping 
^ StCmS ' cvcr y casc » 'he alternate strips of half-grown or fully grown 
alfalfa allow a quick rc-cstabhshmcnt of host-parasite population relations in the cut 
and gradually newly grown strips. 

It seems that the strip cutting program will be of use not only in eases of introduced 
parasites, but also in eases of indigenous parasites of alfalfa pest aphids (C. Europe). 

- CHEMICAL control. There arc numerous opinions as to the use of pesticides, their 
positive and negative roles. The situation was briefly summarized by stern ct aL 
(1959). According to these authors the following problems liave appeared with the 


. Arthropod rcstsunce ,o mscctictdcs. Many aphid port, m vanous parts of the 
“ P f b ' C developing resistant s.rams to the separate 
other h.od.T 1 ' hc co "“ o1 of ,hc resistant aphid strains necessitates 

inHuence of these imcctiad^'on^licccosystein^ 111 ^ fU " hCr “"f 1 ™’ “ ,0 lhe 

onni,uirt 2 ,°rf i“h° f “' h '°e POd ’ “ ,hcr ,lun ,ho “ control was 

originally directed. Aphtds may be considered to be typical pests of this kind. 

insecticide agaaut^othcrpwt ^ 01 1Pl “ d ° utbt “ k ‘ followed th ' a PP b “ ,ion of 

appkcatioio^ADhiru'ar" 1 ^ kf tr “ ted species necessitating repetitious insecticide 
of ,e-mvadn, g the treated plot and reaching further 
progeny * “ m ' “™8 “> ability disperse through ala.c 


4. Toxte insecticide residues on food and forage crop, 
to contamination by drift, and to P crsons - livestock, and wildlife subjected 

problems.* C ° mpIlCaUon f ’ rotn Ic K j| JUIt * «id otlicr actions perummg to the above 



Economic levels of pest aphids arc one of the factors tlut influence the degree of 
insecticide application in a given ecosystem. 

In a great number of cases the aphids cause injury to their host plants by sucking 
and weakening of plants followed by the appearance of various deformations, etc. 
In this case, the aphid levels arc relatively high even before they reach economic 
threshold levels when insecticidal application follows to re-establish the favourable 
relation of host-natural enemy populations. Thus, in such eases, the aphid populations 
must occur in a given community to allow the occurrence and action of natural 
enemies. 

Nevertheless, many aphids cause injur)' to the crops by transmission of virus 
diseases and in such eases their economic levels are extremely low, obviously much 
lower than those on which the natural enemies (parasites) are able to keep them. 
Better to say, the aphids arc just important before the host-natural enemy population 
relations may develop (annual crops namely). It seems that the proper insecticidal 
application may be the only means of preventing or controlling the aphid-vector 
population, while the natural enemies (parasites) will be perhaps, at least partially, 
helpful in reducing the pest aphid populations in untreated places (other ecosystems). 
- Selectivity of insecticides. Selectivity of an insecticide is the measure of the capacity 
of treatment to conserve natural enemies while destroying pests (bartlett 1964). 

According to bartlett and other authors, selectivity may be divided into the 
two following groups: 

Physical selectivity originates from differential exposure of pests and natural 
enemies to the pesticide. Physical selectivity may be classified according to different 
points of view. 

1. Selectivity derived from the preservation of natural enemy reservoirs outside 
the treated area. 

In general, natural enemy reservoirs or the foci as we call them can be preserved 
outside the field of a given crop, or inside the field through modification of the 
treatment program. 

In the first case, treatment is applied in the whole field, while the reservoirs of 
parasites (natural enemies) m the field neighbourhood are not touched and the 
parasites may gradually disperse from there and re-invade the field. This situation 
requires the neighbourhood of a crop field which would include foci of parasites m 
which the population density of parasites would be high enough to allow parasite 
dispersal. Alternative hosts of parasites could be useful. Nevertheless, there is another 
possibility, that there would occur m the neighbourhood of the crop field reservoirs 
of the pest and parasites so that the problem of re-invasion could be dealt with from 
this point of view too. The mentioned situation does not occur in extensive areas of 
monoculture crops which are typical for many intensively cultivated districts. 

In the second case, the reservoirs of natural enemies (parasites) are preserved m the 
crop field so that the occurrence of natural enemies in a given area does not depend 
on the field neighbourhood. This may be reached by spot treatment or strip treat- 
ment practices. 

2. Selectivity derived from a different susceptibility of developmental stages of 
natural enemies. 

As is mentioned below, the parasites exhibit a rather different susceptibility to 
pesticides in separate developmental stages, namely in accordance with their depen- 
dence on the host. 

3. Selectivity derived from distinctive feeding habits of natural enemies. 

In aphid parasites, we can generally differentiate three kinds of feeding habits with 
respect to the influence of insecticides. The first kind of feeding habit is connected with 
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the rar*i,t:c 


jgg to about the last instar larva stage, which 
occyr,, hi the uang ajn'u. fij, second kind docs not practically mean a kind of 
feeding as the j\.rai,tts dar*ng tl.es.; periods do not feed at all, and they arc protected 
from external innucnces Ly the cocoon. This period covers a part of the last instar 
larva stage, the prcpupal stage, the pupal stage, and the pre-emergence period of the 
adult stage. The tlurd kind is the feeding of parasite adults, which do not feed on the 
host but on its hone) dew. '1 hesc three kinds of feeding habits influence the sensibility 
he parasites to an insecticide rather significantly and it is not oossiblc to select a 


ulh uii us uunc)ucw. i nesc three kinds or feeding habits influence the sensibiii 
of the parasites to an insecticide rather significantly and it is not possible to select 
perfectly selective insecticide which would leave all the parasite stages untouched 
sonic of them are attached in ■, i i . .1 . • it.. L.lf. 


rcctly selective mscctiadc which would leave all the parasite stages untouched as 
sonic of them are attached to a living host whose population is at least partially killed 
y t ic treatment. Thus, in praxis, the selectivity of an insecticide with respect to 
parasites will be restricted only to parasite stages which arc not dependent on the 
living hosts (mummified aphids. adults) 


f , on 'y to parasite stages which arc not dependent on the 

living hosts (mummified aphids, adults). 

4 . Selectivity derived from dtstmcttvc scusonul Itfc-historics and habitats of natural 
enemies. 


mcmics. 

,..^!t Wi: j W sho "", “ vln " us tluptcrs (seasonal history) the requirements of 
Jj ;.» an JST *P C ®® C features and this, m connection with the pcculiar- 

(■ 1 ° conditions of the environment, may cause the temporar)' 

rr;r h0,t and P°P ula,ions - Th c cultural crop fields, annual crops 

an environment wh* * 7 p,Ca C3SC W * uc * 1 allow * ‘he aphids to occur temporarily in 
the insecticidal ire » CrC * ^ *** not altac ^ by natural enemies. Durrng this period 
numbers which c TT* *** con f 1< k”bly reduce the immigrating aphid population 
(paTasui a^c^ “ CCOnomic threshold, but the Lural enemies 
S (S T r bcct ’ POU,OCS ctc -)- The microhabitat also plays a 
of the aphid populatin' 1 C$ ° 3 mo, fc °f action may not reach a certain part 

such shelters a hi<rh,™», qucntly survives the treatment. If the parasites prefer 

escape the action of inLr < ^d taBC r^ Par ii SItliU,0n W1 ^ occur ,n these shelters which 
action considerably rcJuec'th!r[. 1 “' cl ‘ ddcs of >y“o™>o or fumigant 

S. Selectivity dL«d ftom H (f ?' cxam P lc Kc: 5HO “ Y '*')■ 
application. wctivc physical features of pesticides and their 

These features arc of two kind* Tk#. c - i 
well known that dosage reduction ol ' ° nC U thc dosa S c msecticides. It u 
enemies, while higher dosages of the sim^i ™ p0r “' u to1 ' m favouring the natural 
could be mentioned (see- stebn rt I micc * lcic * c arc ^tal. Numerous example* 
jL j . * •tun cl ai. 1959 , CtC.). 

to thc question of dosag^Towc rSd^ ° fthc S ' VCn mscctlci de. It is closely related 
adults which were protected from »k V c J m y n^flucnce thc newly emerged parasite 
aphid*. *nd, further', ms.de the mummified 

residue should be shorter than the Denn^"* ^ j* afPectc< ^- Generally, toxic 

should not be touched by the treat P^P^dult emergence of thc parasite w hich 

obbtel 1961, al-azawi tfMVj exam ples could be mentioned (see: 

Physiological select, vity fr™ “““t ' 9S% 

the susceptibility of hosts and natural 3n ,n * lercnt physiological difference m 

preferentially more poisonous to o«, to a toxicant, i. c . when a pesticide « 

We have already mentioned that a S“| tQ natural enemies (babtcett 1964)- 
parasites cannot occur as the parasite dZ 1 “ VC lns ccncidc with respect to aphid 
aphids are, m every ease, affected 1, C °^™ cnta ^ sta ges occurring inside living 
tmty can occur with respect to a D b.d, W,th thc host. Philological selcc- 

- .Main attributes of a *clraivc mscaicidc ,d 3 ^ u ^ ts ‘ 

A selective insecticide w ould, m general. 
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by preserving natural enemies, have the effect of thro wing the balance back in favour 
of the natural enemies (smith at hagen 1959). A selective insecticide should not 
eliminate the population of the pest, but it should reduce it below the economic 
threshold, the natural enemies not being touched by the treatment in both eases. As 
mentioned by smith a hagen, selective treatment should be applied whenever the 
aphids population reached the economic threshold regardless of the existing status. 
- Problems of application - We can summarize the problems arising with the appli- 
cation of insecticides in relation to aphid parasites as follows: 

A certain part of the population of aphids (subeconomic levels) must survive the 
treatment and reproduce normally to allow the parasite population to find the host 
and to occur in the ecosystem. 

Apliid biology, seasonal history namely must be evaluated in relation to the given 
ecosystem. In annual crops the aphids immigrate to the fields and they arc only 
gradually followed by the parasites. It is possible to treat the plot in the period of 
aphid immigration to reduce the aphid number and prevent a possible outbreak 
irrespective of the parasites, as they arc absent in the field at the moment. 

Even a good selective action of an insecticide cannot be completely selective as a 
part of the parasite progeny occurs in living aphids which arc influenced by the 
treatment regardless of whether they are parasitized or not. Thus, selectivity of 
insecticides should be related to mummified apliids and to parasite adults. 

The insecticides must have a short residual action to prevent the killing of newly 
emerged and newly immigrant parasites. 

The treatment must be well timed to coincide with the prevalent occurrence of 
the required parasite stage. Residual action must be taken into consideration. 

In large fields, where the possible influence of the neighbourhood is low, modifi- 
cation of treatment practices should be used to allow the parasite occurrence inside 
these plots. Strip and spot treatment are believed to be most useful. 

If the aphid vectors are to be controlled, their population should practically be 
eliminated during the possibly critical period. As most of the aphids are dangerous 
as early immigrants, the parasites do not usually occur simultaneously with them in 
the annual crop fields. In control of vectors, parasites have an additional role in 
limiting the host numbers in untreated ecosystems. 

Parasites are not the only members of the aphid-natural enemy food chain. The 
selective action of the insecticides both to the parasites and other members of the 
chain such as predators should be considered. 

- Treatment practices may considerably influence the effect of an insecticide on parasite 
populations in a given area. 

- Complex treatment - Complex treatment of a field covers the whole field irrespec- 
tive of whether some plots are more or less infested by the pest apliid. Complex 
treatment practice does not allow the present parasite population to survive in the 
case that a non-selective insecticide was used. This causes the well known state of a 
quick new outbreak as aphids immigrate and reproduce very rapidly and much 
earlier than the parasites in the treated area. 

If a complex treatment was made with a selective insecticide, the parasite mummies 
or adults surviving, the population of parasites also partially decreases as a part of 
the killed aphids includes also the parasite larvae. However, the presence of mummies 
and/or adults allows a relatively quick increase of the parasite population. 

- Partial treatment - Partial treatment allows a much closer manipulation of host- 
parasite population relations in the area than a complex treatment. 

1. Spot treatment. As a rule, at least in the initial stages of an outbreak, the aphids 
outnumbering occur m spotty patterns, which arc known, e.g., in alfalfa fields 
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infested bj AcyiU'iipfu'tt fs ui of 7 liaioophu tnfsltt, while in •» gtcat pzit of the 
field the pcit population mav be on subccoaotiuc levels I be treatment w tbc 
outbreak plot i reduces tbc aphid numbers to lubciouomic levels, tbc action of 
parasites being favoured, 

2. Strip treatment lus basicailv the nine role n the »|*ot treatment, but ti icilini- 
call) leu difficult, as aphid outbreak plou arc not selected. It seems to be preferable 
in extensive fields. 

If there arc plant groups of a heterogeneous character such as ornamentals, which 
may be usctul m parasite conservation due to the occurrence of alternative hosts. 


such plots natural!) arc not treated. 

-The neighbourhood of the treated plot - Treatment practices should be classified 
vv ttli respect to the neighbour hood of the treated plot. If the neighbourhood includes 
chronic or at least temporary parasite foci, we can expect tlut the parasites will soon 
partially reduce the pots m these plots, while overpopulation coulJ Ik cxpcctcJ m 
the central parts of the field and chemicals should be applied there. 

The neighbourhood sccnu to be important m smaller fields while in extensive 
plantations modification of the treatment is ncccssarv, 

— Ljfrci on pjtdutct. Chemical treatment should be alio dealt with, with rcspeit to 
the origin of parasites of the given pest aphid. 

Indigenous parasites arc usual!) well i)nchromxcJ with the occurrence of their 
aplud hosts as well as with the action of other natural enemies of the given pot, 
although this coincidence may considerably be obscured by cultural environments. 
Consequently, proper application of an insecticide is easier to reestablish the favour- 
able host-parasite population relations. Two examples may be mentioned. During 
the heavy outbreaks of Atyrthostphon pnutn on alfalfa in Czechoslovakia, obriU- 
(1961) recognized that in a certain period of the season the indigenous paraute, 
AphiJius rrvt, is rather effective and can influence the pest population. Consequently, 
application of insecticides was proposed to be well timed, at the period when most 
of the parasites were inside the mummified aphids, proicncd by the aphid skin. 
™’ in4c ^ lclJc 1 s '"’“h vcr >' *hort residual action were recommended to prevent 
the killing of newly emerging parasites. Another example, from Iraq, is reported 
by al-azawI (1966). The indigenous parasite of llvalcptcrut prum on apricot was 
. B ,n 401,10 ^nods of the season, correct application of selective insec- 
ticide should favour its pressure on pest population for the rest of the season. lodigc- 
nous parasites vc a great advantage in that if they arc eliminated 111 a certain area 
through the application of a non-sclcctivc insecticide, they occur in other ecosystems 

in cimn’ C 1 1 ^ B ra ? ua ^y rc ' u,VJ dc the giv cn treated plot. Consequent clungcs 
in chemical control can improve the suuation. 

ch^ :, C r.° f r ilU f oduccd pirailtc care must be taken with respect to 

“[r”” y ‘i 1 ™ ,pm ” “ »o> » well citablttlicd m vanout 

avoided at tli C 1 arM 31 t C II,ll f rn "in tpccict. Chemical treatment thould be 
u “ * he met. and alto m cttablnhcd paeattte popola.tont the 

r “= J ' «™d on. very carcfull) to prevent the 

p ‘’ p “ hl ‘°"’- Tin. ntk com.Lablj lower 
not ettabltth them T ^ * 3 ‘ a ’ c ^ c patatitct occur here perennially even if they did 
5 ntighbouthood of the fold.. Naturally, a ehcmtcal 
sutes The devclon ^ J nod ‘ f,cd ”“ l > "'peer to the integration of control mca- 
f ""T ° f California a 

introduced pcit wit giall v '„!i > H l ]^ y ™ SlC j 1 ’"™" 1 contro1 ° f thc 
are applied only to kt v. f p ^. ccd integrated control, where thc chemicals 
applied only ,0 reestablish the favourable host-paras.te (natural enemy) ratio. 
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Interval between treatment and sampling and number of aphids and 
parasites per joo square feet and aphid parasitism {%) 

i Day 5 Days 

Material and No. No. Adult Parasitism No. No. Adult Parasitism 

ounces per Aphids P. paiitans /300 IV. Aphids P. palitans /300 IV. 

acre & -Instar & -Instar 

T. utilis Nymphs T. utilis Nymphs 

(%) (%) 


Parathion, 4 

21,123 

0 

56 

41.450 

IS 

18 

Parathion, 6 

22,9 73 

0 

48 

42,498 

I 

16 

Untreated 

23.053 

to 

49 

25,567 

276 

23 


Table 17. Effect of parathion sprays on parasitized and noil-parasitized Tlicrioaphis 
Infolii and two parasites— Praon exoktum (— palitans) and Trioxys complattatus ( = utilis). 
(stern, 1962). 

The introduced parasites, at least in the early period of their establishment, usually 
seem to be less synchronized with the host as well as with the action of other natural 
enemies. The proper application of chemicals is therefore also more difficult. 

-Effect of insecticides on separate developmental stages of parasites. The aphidiid para- 
sites, being typical parasttoids, have a different relation to the host during the 
developmental stages of their life. These different relations are responsible for the 
different action of insecticides on their separate developmental stages. 

The egg and lower instar larvae live inside the Irving hosts and seem to be affected 
equally like the host aphid. Non-parasitizcd and parasitized aphids containing 
parasite eggs or lower instar larvae will be reduced by an insecticidal treatment to an 
equal degree. A further development of aphid population after the treatment will be 
more rapid, as only a low number of parasite larvae that survived the treatment will 
pupate and produce parasite adults which lay eggs and cause an increase in parasite 
density. This situation was documented experimentally by stern (1962) (Table 17). 
Naturally, immigration of parasites from the neighbourhood is responsible for a 
somewhat greater mcrease of parasite density than would occur in an isolated eco- 
system. 

The last instar larva, prepupa and pupa occur mside the mummy or mummy plus 
cocoon, or at least inside a cocoon. The mummy represents considerable protection 
of the parasite against the influence of insecticides, at least of some of them and of 
some of their concentrations (see: Bartlett 1958, Table 18). This fact was observed 
by a number of authors (stern & v. d. bosch 1 959, LOWE 1964, KATO si SHIGA 1964, 
SHOREY 1963, OBRTEL 1961, etc.). 

The influence of the same insecticidal concentration on mummified aphids may 
differ in the laboratory and in the field as shown by obrtel (1961), the lower influence 
in field conditions being probably due to the effect of meteorological factors. 

The adult stage is the only developmental stage of the parasite which lives a truly 
free mode of life relatively independent of the host. Many authors agree that the 
adult stage is the most sensitive stage with respect to the insecticides. For example, 
according to stern, v. p. bosch & born (1958), various concentrations of insecticides 
(parathion, malathion, phosdrin, tnthion, systox) were toxic to the parasite adults 
although to a different degree, but none of the rested sprays affected the parasite 
cocoons (Therioaphis infolii, Praon exoktum). Similarly, stern & v. d. bosch (1939) 
showed that these parasites of 77 i. trifoln can survive non-selective treatments in the 
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Material 

Pounds 
actual 
toxicant / 
gal.water 

% 

mortality 

of 

parasites 

Demeton 

0.250 

68 


.175 

4 t 

Parathion 

0.12$ 

100 


.063 

«4 


.031 

70 

Malatliion 

1. 000 

100 


.500 

82 


.250 

88 


■ I2J 


Cheek 


20 


Tabic 18. Relative toxicity of aphicide materials to pupae of Praort exolctum (=* 
pahla ns) after direct spray application to mummified host bodies ( Tlierioaphis iri/olii) 
in the laboratory (bartlett, 1958). 


more resistant pupal stage, shokey (1963) observed the same situation in Diaeretiella 
tapae, and obktei (1961) in Aphidtus ervi, a native parasite of Acyrlhosiphon pisunt in 
Czechoslovakia. 

The different sensitivity of developmental stages of parasites to the influence of 
insecticides is of basic importance in an integrated control program. If the parasite 
populations arc to be spared in the given area, the insecticides must be well selected 
and timed in application in dependence on the occurrence of the least sensitive 
parasite stage and they must have a short residual action to prevent the killing of 
emerged and immigrating parasite adults. 

- Mode of insecticide action. Insecticides influence parasite populations in two wa>s: 

actum r ~ Insecticides applied as sprays, stomach poison or in a contact way 
affect the parasites immediately after treatment or through the residues. 

Low instar larvae arc influenced in the same manner as their hosts. Most of them 
occur inside the host aphids present m the treated plot, while a lower number may 
immigrate to the ecosystem via alatc parasitized aphids and be killed by the residual 
action of applied insecticides. 7 

c^Ti° PmCmal SUgC 5 m5idC mummiflcd ho >“ « ,n separate cocoons arc. to a 
P^ast^Tr^l 2g2aU l ‘S* * mmcd “ tc actlon of insecticides, 
lulled bv stoma* ,nflucn " d ,h f ou gb direct contact of insecticides, or they' arc 
SranmlT P °' S ° m whal fccdln S contaminated honey dew or through 
or L yZZ ^ m °- on the .dult. 

.rc a .rieco.y lttm f I JrL?4S«ho^„°^ fT* T”®""” 6 ‘ hC 

dispersal and su/PTfT “ C ^ ,m P° ,tant because they basically influence the 

m the research on relati^o»at?o°f v^ P * TUltCS m , a trcatcd P lot ' For cxam P Ic ' 
in foh 1 the follnumi» 1 y of various inscctiades on parasites of Thertoaphts 
« ) Sbk S? ""1 ° J bU ’” cd “ C ^ f °™ <»™. v. ». hosch & 

"* of ,h ' ™ "■—< a ... £ 
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Ounces 

Time of sampling after treatment and 

Insecticide 

toxicant 

number of adult parasites per 



per acre 

100 insect net sweeps 




5 hours 

1 day 

3 days 

Parathion 

3-0 

11 

10S 

410 

Malathion 

97 

10 

M 7 

364 

Phosdrin 

1.0 

39 

206 

3 97 

Trithion 

5.0 

39 

255 

586 

Systox 

1.0 

76 

265 

472 

Systox 

2.0 

126 

318 

473 

Untreated 


3*4 

331 

629 


Tabic 19. Relative toxicity of various insecticide sprays to the aphid parasite Praon 
cxolctunt (=» palitans) (stern, v.d. bosch a born 1958). 


Phosdrin and tritliion were slightly less toxic, killing about 90% of the adult parasites 
five hours after treatment. Systox applied at one ounce per acre gave 80% and two 
ounces 66% reduction in the parasite population, being conspicuously less drastic 
than the other materials tested. One day after application the adult parasites were 
still at relatively low levels in the plot treated with parathion and malathion, the two 
mentioned materials having residual toxiaty and apparently killing many parasitic 
wasps as they emerged from the cocoons or as they migrated into treated areas. 
Three days after application there was little difference in numbers of adult parasites 
in the various treated areas. 

- Indirect action - The host population influenced by treatment influences the 
parasite population indirccdy in the following wa)s: 

1. Elimination of host population 111 a given plot through insecticide application 
means the secondary elimination of the parasite population too as the parasites, if 
they survived the treatment inside mummified aphids, etc., cither disperse in searching 
for hosts in the neighbourhood or die without having the possibility to deposit their 

€ SS S - 

2. Too severe a decrease of host population through insecticidal application can 
influence the intraspecific relations (competition) with superparasitism, dispersal, 
etc. of the parasites resulting. 

3. The different sensitivity to the insecticide of different members of the aphid- 
natural enemy food chain may change the population relations of separate natural 
enemies, including the parasites. If predators are suppressed, parasites have a better 
possibility to increase and vice versa (see below). 

Thus, insecticidal application should ideally reduce the host population to sub- 
cconomic levels, but not roo much as to influence adversely the parasite (natural 
enemy) populations. 

— Effect on interspecific relations. As we have menuoned m the introductory parts of 
this chapter the non- or poorly selective insecticide application may be followed 
by considerable changes in population densities of various pests and secondary 
outbreaks of non -target pests may follow. Such a situation was, for example, found 
by PIMENTEL (1961) in experimental Brassica oleracea communities, in which various 
insecticides were applied and the results compared with the situation in the control 
plots (Kgs. 326-327, Table 20). As is obvious the application of insecticides to control 
Lcpidoptcra and flea beetles resulted m a rapid decrease of population densities of 
these target species, but the aphids increased rather significantly in numbers. A 
similar case was observed by Bartlett & ortega (1952): dosages of insecticides 
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Fig. 327. The log number of parasites per 20,000 square inches of plant area m the 
control (- ), DDT ( ), rotenone ( ), and parathion com- 

munities (PIMENTEL, I96l). 


R.OIC- 

nonc 


Para- 

thion 


Aphids 

Lepidoptera 

Flea beetles 

Herbivores 

Parasites 

Predators 


162.7 

12.0 

1,107.1 

643-5 

27.8 

8.9 
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S™' a "" e ' d ““V P" week recorded the four experimental 

communities (pimentel, 1961). r 

recommended for the control of codling moth on walnut in southern California 
bLmhT ” mcreased populations of Chwm.pk, JufalmU. 

throuoii 'the ^* ln ^ vc ! at ^ va nccd programs, where the pest populations arc controlled 
throng die me of selective mseencides, considerable changes must be made m the 

duction P por 7 * ^ nCW 7' ap f c3tI ln lflc community through incidental intro- 
coToLinn ’ “ ShOWI ; by ‘™*- »■ ”■ BOSCH . ,owL (,#&), chemical 

was common! v 4°° Hrpera hunneiventns (Boh ), a weevil pest on alfalfa, 
sva, commonly used in California. Acyr.h.spU,,, P L„, 4 h.ch „ a pes. aphid on 



alfalfa, was controlled in a similar way. However, in 1954 a new pest aphid, Therio - 
aphis trifolii, appeared in California and soon became widely distributed in many 
districts. Serious problems appeared in consequence, because the aphid became 
resistant to parathion and, furthermore, parathion was detrimental to beneficial 
insects including the newly introduced parasites (Proem ex olctuin, Trioxys complonatus) 
of T/i. trifolii. Consequently, where parathion treatment was used, there was a rapid 
flareback of the aphid and outbreaks of other pests. Therefore, parathion was 
replaced by demeton, but tills insecticide liad little effect on Hypera pest. Then, 
heptachlor was found to have no effect on beneficial insects and it was applied when 
Aeyrthosiphon pistmt was not a problem; however, it was later asccrtamed that it 
persisted on alfalfa longer. Further studies were undertaken during which parathion, 
guthion, dimethoate, and methoxychlor were dealt with; it was recognized that 
only methox) clilor was useful as the aphid parasites survived higher dosage, while 
the insecticide was toxic to weevil larvae. 

Even if we deal -with the influence of a given insecticide on a given single pest 
- natural enemy food chain, significant differences as to its action on separate mem- 
bers of the food chain can be seen. Consequently, new relations among the popula- 
tions of natural enemy species may temporarily develop. For example, the results of 
experiments undertaken by Pimentel (1961) may be mentioned. In these studies, the 
influence of various insecticides (DDT, rotenone, and parathion) (Figs. 326-327) on 
Brassica oleracea community, especially aphids and associated parasites and predators, 
was dealt with. Parasite densities were the highest m the DDT and rotenone commu- 
nities and lowest in the paratliion communities. The high parasite density m the 
rotenone and DDT communities was caused by the high cabbage aphid density in 
the control community, followed in abundance by the DDT, rotenone, and para- 
thion community. All insecticides were effective in suppressing the predator popula- 
tion and such reduction allowed the aphids to increase, subsequently, the dense aphid 
populations provided ideal conditions for parasites, which reached high density 
levels. This case clearly shows that insecticidal application may, m certain cases, be 
followed even by a great increase of parasite densities through the insecticide reduc- 
tion of the predators. 

— Difficulties in interpretatio)i. It is a common mistake, in the evaluation of an 
experimental program, to thmk that the decrease of a parasite population is considered 
to be due exclusively to the influence of insecticidal treatment. Incidentally, the 
problem is more complicated. Seasonal changes in parasite population density, 
action of hyperparasites, interspecific relations, changes in sex ratio (see: natural 
limitation), all these factors arc responsible for changes in the parasite population 
density independent of the action of insecticide and they may obscure the true 
influence of the treatment. Furthermore, as shown by shorey (1963), there may be 
a direct insecticide induced mortality, or feeding on insecticide affected host, or 
starvation or migration after the host species has been eliminated. 

- Review of insecticides 

- Barthrin - shands et aL, 1965, Mauie, potato, potato aphids, parasites. 

- Bayer 29493 - shorey, 1961, California, peppers, Myzus persicae, Aphidius matri- 
cariae. 

-Bayer 30911 - shorey, 1961, California, peppers, Myzus persicae, Aphidius main- 
cariae. shorey, 1963, California, peppers. A?, persicae, A. me tricar toe. 

- BHC - bartlett, 1958, California, alfalfa-laboratory, Thcrioaphis trifolii, Praon 
exolctum, Trioxys complauauis. bartlett, 1964, California, aphid parasites, sen, 
1953 - 4 . India, Aphis fabae, parasites, way, 1949, Gr. Britain, laboratory, Brevicoryne 
brassicae, Myzus persicae, Diacre'iella rapae, Aphidius matricariae. 
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- Dddnn-K. - shasds ct ah, Maine. potato, potato aphids, paramo. 

- Bordeaux mixture -umitTT. l«X» 4 . California, aphid paramo. 

-Calcium arsenate - buultt. California, aphid paramo. iolsom * bondy, 
19 jo, U.S.A., Aphis gau) pi, L)stph!cbus testaenpes. 

- Carbary 1 -siiANDS ct al., 1965, Maine, potato, potato aphids, paramci. 

- Carbophenothion - StlASDS ct ah, ty6j, Maine, potato, pouto aphids, paramo. 
-Chlordane- baktu.it, 1964, California, aphid paramo. 

- ChlorthiOli-R.- SHASDS ct ah, 1 </>$, Maine, potato, potato aphids, paramo. 

- Cryolite -MRTLLTT, 1964, California, aphid parasito. 

- DOT - BAHTinr, 1964, California, aphid parasito. v. d. boscii, schuscer * 
HAGEN, 1962, California, \\ alnut, Chromaphis ju^Lndicoia, Tnoxys palhJus. n silmU, 
1961, N.Y., Brassica oleracea, Myzus per suae, Lipaphis pseudobrassitae, liirvitoryne 
b rassicae, Duurctiella rapae. mrrtR a ilhkins, 1946,? Gr. Britain, Brassica sp., 
Brevuoryne bras sitae, Diaen ticlla rapae. iris cm ct ah, 1967. Italy, apple, Dysaphis 


plantagiuea, Tno.xys angcluac, AphiJtui puipcs. SEN, 1953-4, India, Aphis fabae, para- 
sito. SHASDS ct ah, 1965, Maine, potato, potato aphids, parasito. shorty, 1963, 
California, Brassica sp., Btevuotytte brassuae, Diacietiella rapae. way, 1949, Cr. 
Britain. Brassica sp., Brevieorpie brassuae, Diacrctiella rapae. WILSON, 194*. Ohio, 
maize, Rhopalosiphwn maiJis, Lysiphlebus testoieipes. 

- DDVI* — SHASDS ct ah, 1965, Maine, potato, potato aphids, parasito. 

-Dcmcton- B artlett, 1958, California, citrus, citrus aphids, Lystphlcbus icsiatetpes 
BARTLETT, I9j8, California, alfalfa, Therioaphis tnfolu, JYdori exolctum, Tnoxys cctn- 
planatus. obrtei, 1961, Czechoslovakia, alfalfa, .-icyrthosiphon pisuin, Aphidius erti. 
shands ct ah, 1965, Maine, potato, potato aphids, parasito. shokly, lytij, California, 
Brassica sp., Brevicoryne brassuae, Diacrciirlla rapae. 

-Demcton methyl I- bonnlmaison, 1962, France, Brassica sp.-laboratory, lire u- 
corytte brassuae, Diaercticlla rapae. 

- Diazinon - shands ct ah, 1965, Maine, potato, potato aphids, paramo, siiorey, 
1961, California, peppers, Myzus persuae, Aphidius matricariae. siiorey. 
California, Brassica sp., Brevicoryne brassuae, DiaerclteUa rapae. siiorey a HALE, 196J, 
California, peppers, Myzus persuae, Aphidius matricariae. 

- Dibrom - siiorey, Iy6i, California, peppers, Myzus persicae, Aphidius matricariae. 

- Dilan - shore y, Reynolds a Anderson, 1962, California, Brassica sp., Brevuorjne 
brassuae, Myzus persuae, Diacrciiella rapae. 

- Ddan-R. - bartlett, 1964, California, aphid parasito. 

-Dimcfox- shands ct ah, 1965. Maine, pouto, pouto aphids, parasito. 

■ Dimcthoatc - bonnemaison, 1962, France, Brassica sp , Brevuoryne brassuae, Diae- 
retiella rapae. SIIOREY, 1961, California, peppers, Myzus persuae, Aphidius matruanae. 
shorey, 1963, California, Brassica sp., Brevuoryne brassuae. Diaerctiella rapae. SIIOREY, 
1963. California, peppers, Myzus persuae. Aphid, us matruanae. SHOREY a hale, 196}, 
s^Womia, peppm. Mp*,', persuae, Aphtd, us matruanae. stern, v. d. bosch a BOWEN. 
1962, California alfalfa, Aeyrthostphon pisum, Uenoaplns tnfolu, Aphdius smith, 
Praon exotetum, Tnoxys eomplaiatus, Lysiphlebus testaeeipes. 

*"t^ nt ° n SHO * EY » *963. California, peppers, Myzus persuae, Aphidius matruanae. 
19 3 ’ Callfor ™ a * P C PP CTS - Myzus persicae, Aphidius matricariae. 

- Di-synton-R - shands ct al , 1965, Maine, pouto, potato aphids, parasites. 

- Endosulf* 10 ^' 196l,Ca ! lf0mU ' P e PP CTS - At y zu ‘ Plicae. Aphdtul matruanae. 

1061 Cahform “ al ’ vj6s ’ Mainc * P otat °. pouto aphids, parasites, shorey, 

jL 3 ’ raLfZ^' Bra ” ICa ?/ Brev,cor y ne Rassicae, D, octet, ella rapae. SHOREY a hale, 

’ pepper$ * Aphidius matruanae. 

-Endothion - bonnemaison. 


1962, France, Brassica sp., Brevuoryne btassicae. 


552 



Diaercticlla rapae . shands ct al., 1965, Maine, potato, potato aphids, parasites. 

- Endrin - pimentel, 1961, N.Y., Brassica olcracca, Myzus pcrsicac, Lipaphis pseudo- 
brassicae, Brcvicorync brassicae, Diaercticlla rapae. shands ct al., 1965, Maine, potato 
apliids, parasites. 

- Ethion - shands ct al., 1965, Maine, potato, potato apliids, parasites, shorey, 1961, 
California, peppers, Myzus pcrsicac, Aphidius matricariac. shorey, 1963, California, 
Brassica sp., Brcvicorync brassicac, Diaercticlla rapae. 

- Fosfodon - hodek et al., 1966, Czechoslovakia, Aphis fabae, laboratory, Praon 
abjectuin, Lysiphlcbtis fabarutit. zf.lf.ny, 1964, Czechoslovakia, Aphis fabae, laboratory, 
Praon abjectum, Lysiphlebus fabarum. 

“GO-4072 -SHOREY, 1961, California, peppers, Myztts pcrsicac, Aphidius matricariac. 

- Guthion - shorey, 1961, California, peppers, Myzus persicae, Aphidius matricariac. 
shorey, 1963, California, peppers, Myzits pcrsicac, Aphidius matricariac. stern, 
v. d. bosch & bowen, 1962, California, alfalfa, Acyrthosiphon pisum, Thcrioaphis 
trifolii, Aphidius smithi, Praon exolctum, Trioxys coinplauatus, Lysiphlebus testaccipcs. 

- Guthion-R - SHANDS ct al., 1965, Maine, potato, potato aphids, parasites. 

- HETP - sen, 1953-4, India, Aphis fabae, parasites. 

- In t rat ion - hodek ct al., 196 6 , Czechoslovakia, Aphis fabae, laboratory, Praon 
abjectum, Lysiphlebus fabarum. zeleny, 1964, Czechoslovakia, Aphis fabae, laboratory, 
Praon abjectum, Lysiphlebus fabarum. 

-Isolan - bonnemaison, 1962, France, Brassica sp., Brcvicorync brassicac, Diacrctiella 
rapae. principi et al., 1967, Italy, apple, Aphis pomi, Trioxys angehcac. 

-Lead arsenate - bartlett, 1964, California, aphid parasites, wilson, i960, Australia, 
Brassica sp., Brevicoryne biassicae, Diaercticlla rapae. 

- Lindane - bartlett, 1958, California, alfalfa, Thcrioaphis tnfohi, Praon c.xoletum, 
Trioxys complanatus. 

- Malathion - bartlett, 1958, California, alfalfa, Thcrioaphis tnfohi, Praon exolctum, 
Trioxys complanatus. obrtel, 1961, Czechoslovakia, alfalfa, Acyrthosiphon pisum, 
Aphidius ervi. pimentel, 1961, N.Y., Brassica olcracca, Myzits pcrsicac, Lipaphis 
pscudobrassicae , Brevicoryne brassicae, Diaerctiella rapae. stern & v. D. bosch, 1959, 
California, alfalfa, Thcrioaphis trifolit, Praon exolctum, Trioxys complanatus. stern, 
V. d. bosch & born, 1958, California, alfalfa, Thcrioaphis trifohi , Praon exolctum. 

- Menazon - SHANDS ct al., 1965, Maine, potato, potato aphids, parasites, shorey, 
1963, California, peppers, Myzits persicae, Aphidius matricariac. 

- Metasystox - LOWE, 1958, N. Zealand, Brassica sp., Brevicoryne brassicae , Diacrctiella 
rapae. 

- Meta-systox-R - shands ct al., 1965, Maine, potato, potato aphids, parasites. 
shorey, 1963, California, peppers, Myzus persicae, Aphidius matricariac. 

- Metation — hodek et al., 1966, Czechoslovakia, Aphis fabae, laboratory, Praon 
abjectum. 

- Methoxychlor - bartlett, 1964, California, aphid parasites, stern, v. d. bosch & 
bowen, 1962, California, alfalfa, Acyrthosiphon pisum, Thcrioaphis tnfohi, Aphidius 
smithi, Praon exolctum, Trioxys complanatus, Lysiphlebus testaccipes. 
-Mcthylparathion- principi et al., 1967, Italy, apple, Apfus pomi, Dysaphis plantagi- 
nea, Tnoxys angclicae, Aphidius picipes. 

- Mcvuiphos — bonnemaison, 1962, France, Brassica sp., Brcvicorync brassicae, 
Diacrctiella rapae. 

- Nicotine — morrill, 1921, U.S.A., Aphis gossypii, Lysiphlebus testaceipes. principi 
etal., 1967, Italy, apple. Aphis pomi, Trioxys angeiicae. richardson & casanges, 1942, 
U.S.A., lilyzus pcrsicac, Aphidius matricariac. 


553 



- Trithion - shorey, 1961, California, peppers, Myzus pcisicac, Aphidius niatricariae. 
stern 1 V. D. bosch, 1959, California, alfalfa, Thcrioaphis trifolii, Praon ex old tint, 
Trioxys complanatus. stern, v. d. bosch a born, 1958, California, alfalfa, Thcrioaphis 
trifolii, Praon exolctutn. 

- Union Carbide 10854 - SHOREY, 1963, California, peppers, Myzus pcrsicac, Aphidiiu 
niatricariae. 

- Vamidothion - bonnemaison, 1962, France, Brassica sp., Brevicoryne brassicac, 
Diaercticlla rapac. 

- Zeetran - SHOREY, 1963, California, Brassica sp., Bci'icoryue brassicac, Diaercticlla 
rapac. shorey, Reynolds a- anderson, 1962, Brassica sp., Brevicoryne brassicac, Myzus 
pcrsicac, Diaeretiella rapac. 

- Zectran-R - siiands et aL, 1965, Maine, potato, potato aphids, parasites. 

- Various insecticides - adarve, 1965 (paper unknown to the author), kato a shiga, 
1964, Japan, cereals, Sitobium avcnac, parasites, lowe, 1964, N. Zealand, Brassica sp., 
Brevicoryne brassicae, Diaeretiella rapac. proverbs, 1954, Canada, cherry, Myzus ccrasi, 
Lysiphlebtis testaccipcs, Ephedras persicae. 

- physical control. Irrigation has a great influence on the microclimate and 
conditions of the plants. This change of environmental conditions influences the 
aphids generally in two ways: 

1. Negatively: species preferring a drier microclimate disappear or occur to a 
smaller extent in the given area, they arc generally rare species or then population 
levels are low. 

This can be easily recognized in the newly cultivated irrigated virgm lands, where 
a number of semi-desert and steppe species is closely attached to other virgin localities. 

Nevertheless, this can be observed in cultivated lands too According to sthner 
(1966), important differences were seen when dry and humid apple orchards m 
Switzerland were compared with respect to pest aphid occurrence: Dysaphis plantagi- 
nea, one of the key pest aphids, became a pest as a rule only in dry territories. 

The period of irrigation may also be important as to aplud pest occurrence. 
According to jones (1944) early irrigation was found to be an effective method of 
controlling the root aphids on sugar beet in Colorado. These observations can be 
also well illustrated by the fact that in a certain area such as C. Europe the root aphids 
are more common in dry springs, while they arc relatively rare under rainy spring 
conditions. 

2. Positively: contrary' to the above mentioned cases, a number of aphid species 
prefer the more humid microclimate developed by irrigation. This can be observed 
in the newly cultivated and irrigated virgm areas, where a number of species con- 
centrate just on the cultivated plots, as the plant conditions occurring there are much 
more suitable than in dry natural environments. Consequently, there is a much 
higher population density in the irrigated crop areas. 

Irrigation extends, m some instances at least, till the growing season in and areas 
and this extends the length of time over which the pest can increase ; this may permit 
a species to increase to economic levels (smith 1959). 

The intensity of irrigation is also responsible for the conditions of the host plant 
and may make it more or less suitable as food for aphids (davis et al. 1957). 

The influences of irrigation on aphid populations are rather important for aphid 
control as the integrated control will exhibit vanous modifications depending on 
irrigation. We must keep in mind that irrigation is above all to enhance agricultural 
production through the change of environmental conditions, but, as the results of 
various authors have shown, it may be usefully modified as one of the means of 
integrated control. 
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Fig. 328. A summary on integrated pest control on alfalfa in California showing the 
principal pests, their economic threshold, natural enemies and selective control mea- 
sures to be taken when natural enemies arc inadequate (stern, 1966). 


Besides its influence on the occurrence of pest aphids as to the number of spcacl 
and their population densities, irrigation also influences the number of naturas 
enemies present and their population levels. Furthermore, the population relations 
among the separate natural enemies can change as vv ell due to their different require- 
ments on microenvironmental conditions: it is known, for example, that the 
introduced parasites of Tlmioaphu Infoln became distributed just because of the 
microclimate in various alfalfa growing districts m California. 


- relationship of sepauate measures. The peculiarities of the ecosystem, the 
pest aphid, natural enemies (parasites) and the agricultural activity of man are so 
varied in mutual relations that it is obvious how the relationship of separate control 
measures must be. In some eases, biological or cultural control prevails, in others the 
chemical control is the best measure of supporting the effect of natural enemies. 
For this reason, we mention here two characteristic examples. The first one is the 
integrated controlof Thmouphit tr/ohi on alfrik m California, as briefly summarized 
by STERN (1966). This program, developed on a well prepared theoretical basis, has 
cn put into practice and widely applied in California. Th. Infoln, which is now of 
Importance on alfalfa hay, „ lh „„„ Jong lllc pats to emphanze .hr 
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aphid problem in California decreased from 15 million dollars to 200 thousand 
dollars annually. This is an example of integrated control of an introduced pest on 
alfalfa, which was introduced in recent years and became widespread in California 
and many other districts of the Ncarctic America. 

Contrary’ to the mentioned aphid, Myzus pcrsicac, although originally an intro- 
duced pest as well, has become a common member of California agroecos) stems 
and natural stands. This aphid is a pest ofa number of economic crops, SHOREY{l96t, 
1962, 1963, shorey & hale 1963) developed an integrated control program of this 
aphid on peppers, where the aphid numbers, if reaching subccono mic levels (econom- 
ic threshold) arc decreased through the use of selective insecticides, while the 
natural enemies (especially parasites — AphiJius matricariae) keep the pest under 
economic levels for most of the season. This is a case of successful integrated control 
of pest (introduced) on an annual crop, where chemical control is used to re-establish 
a favourable balance between the pest and parasite populations. 

As is obvious from the review of aphids-integrated control objects many other 
eases could be mentioned and classified, nevertheless, the above mentioned eases 
seem to be typical, differing sufficiently from each other to illustrate the different 
relationship of separate control measures in an integrated control program. 

zones. In our opinion the integrated pest aphid control program may be applied 
in all the climatic zones of the world just because of its basic features of complexity 
and especially the dynamic relations of its separate components. There is no doubt 
that the separate climatic zones exhibit peculiar features with corresponding influ- 
ences on crop growing and on the biology of aphids and parasites. Consequently, the 
separate control measures may be dommant to a various degree in supporting the 
action of natural enemies. 

Good basic information on the development of an integrated control program in 
separate climatic zones can be obtained from the review of the control in separate 
countries and on different crops. The true picture is naturally obscured to a certain 
degree by the quantity of papers and intensity of work earned out 011 the matter m 
various institutes and countnes. For example, the first successes obtained in the 
development and application of mregrated control of the key alfalfa pest aplnds in 
California seemed to document that an integrated control program will be the most 
successful in perennial forage-like crop communities, while annual crops were 
believed to be less suitable. However, several years later, other Californian workers 
have shown that integrated control programs are useful on annual crops too (peppers). 
Similarly, the greatest portion of papers dealing with integrated control problems 
have been written in California and this naturally would show that this control 
would be most useful in the subtropics. Nevertheless, as we have mentioned, the 
eventual disadvantages of separate climatic zones with respect to pest aphid control 
are believed to be compensated by the relative dominance of separate control 
measures. 

countries. In this review we have mentioned all the cases of integrated control of 
aphids in which the parasites were dealt with as control agents. In our opinion it 
would not bejustified to start the review with the period of the sixties of this century 
when integrated control was developed on a wide scientific basis. We know a 
number of cases when the authors came to an integrated control approach m quite an 
original way, their opinions were not further developed or generalized, but the 
results of their studies, recommendations or thoughts are useful for integrated 
control as developed at the present time. 
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- Australia and new Zealand. The mam object of integrated control attempts 
was Brevicoryne brassieae , a pest aphid on cabbage. The influence of various insecticides 
on the aphid and its parasite, Dtaeretiella rapae, were studied. According to wilson 
(i960), the parasite provided a high degree of limitation of the aphid when no 
insecticide or lead arsenate only was applied to cabbage crop in the Australian Capital 
Territory. Rfcs.: Lowe 1958, 1964, Wilson i960. 

- Canada, proverbs (1964) studied the influence of various insecticides on Lysi- 
phlebus testaceipes and Ephedruf pcrsicae, parasites of Myzus cerasi, m cherry orchards. 
Rfcs. : Proverbs 1964. 

- Czechoslovakia. Aphis fabae on sugar beet was the object of an integrated 
control program. The influence of various insecticides was studied and recommenda- 
tions on parasite conservation were elaborated (uodek ct al. 1966, stary 1962, 
ZELENY 1964). 

Acyithosiphon pisum. The influence of insecticides on the indigenous parasite, 
Aphidius ervi, was dealt with and recommendations on the use of insecticide elabo- 
rated (obstel 1961). The work on integrated control of the pest is in progress (hozak 
in press, stary in htt., research on the influence of cultural practices on indigenous 
and introduced parasites, etc.). 

Hyaloptcrus pmm. Indigenous parasites and their role in pest limitation were 
studied, attempts on the introduction of another parasite undertaken, and projects on 
integrated control elaborated. The work is in progress (stary 1964, 1965). Rfcs.: 
Hodckctal. 1966, Obrtcl 1961, Stary 1962, 1964, 1965, 1966, ZclcnY 1964. 

- EGYPT, lihopalosiphuin maidis was the object of integrated control attempts, where 
the cultural practices were mostly stressed (sowing date, removing of weed plants, 
etc.). The parasites were only generally mentioned. Rfcs.: Hassan 1957. 

- trance. The influence of treatment on the indigenous parasites of apple pest 
aphids was studied by rlgnier (1923). bonnemaison (1962) undertook the laboratory 
research on the effect of insecticides on Dtaeretiella rapae, a parasite of Brevicoryne 
brassieae on cabbage. Rfcs.: Bonnemaison 1962, Rcgnicr 1923. 

- CERMANY. Acyrlhostphon pisum. - boness (1958) studied the field effect of insec- 
ticides on the aphid and its indigenous parasite, Aphtdius ervi. 

Brevicoryne brassieae. - On the basis of detailed research of biology of the aphid 
and its indigenous parasite, recommendations on parasite conservation were elabo- 
rated (paetzold & VATER 1966, sedlac 1959, 1964). Rfcs.: Boness 1938, Paetzold Ct 
Vatcr 1966, Scdlag 1939, 1964. 


-great Britain, way (1949) studied the laboratory effects of various insecticides 
on Brevicoryne brassieae and Myzus pcrsicae and their aphidud parasites. 

iiussEY (1965) dealt with the possibilities of integrated control of greenhouse pests, 
including Myzus pcrsicae and us parasite. Rfcs. - Hussey 1965, Way 1949. 

INDIA. sin (1953-4) undertook field and laboratory ejtpmmcms on the effect of 
vanou, insect, cldcs on Aphufibac and ,ts indigenous paramo. Rfc,.: Sen ,953-4- 
- ntAQ. Al-AZAwi (19W) dealt with the natural limitation of Hyabpltr a prutti by 
transcasptan m apnto, otchatd, and proposed the t.mtng of utsecttc.de 
tteatmem .0 support the favourable host-paras, tc tatto. Rfc,.: Al-A^awl ,9«S. 

, ’ pc ““ composition and mam biological features of the parasites of 
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cereals, Sifolmim avcuae, which was parasitized and mummified by the apliidiids, 
Rfcs. : Kato ct Shiga 1964. 

- Netherlands. Considerable amount of work was done on the integrated control 
problems in orchards. The role of the parasites in natural limitation was mostly 
studied (evenhuis see rfcs.). The effect of cultural practices on the aphids and parasites 
was dealt with by post (1962). Rfcs.: Evenhuis 1962, etc.. Post 1962. 

- Peru. Integrated control of cotton pest aphid, Aphis gossypii, is reported. Rfcs.: 
Adarve 1965, Boza Barducci 1965. 

- Poland. Acyrthosiphon pisuiu was the object of research of piekarczyk & wegorek 
(1966). Natural limitation of tins pest aphid on alfalfa was studied and recommen- 
dations of the timing of insecticide applications elaborated. Rfcs.: Piekarczyk ct 
Wegorek 1966. 

- Switzerland. A great amount of work has been carried out on the integrated 
control problems in orchards. Nevertheless, only Steiner (1965) has dealt with the 
influence of insecticides on apple aphids and their indigenous parasite, Ephedrus 
plagiatar. Rfcs.: Steiner 1965. 

- u.S.A. Alfalfa aphids. Alfalfa aphids, Acyrthosiphon piswn and Thcrioaphis trifolii, 
were one of the example objects on which the integrated control was originally 
developed. In the program studies on control of the aphids by mtroduced parasites, 
as well as the influence of various insecticides on the host and parasites and influence 
of irrigation and cultural practices ( cutting ) were included. Complete integrated 
control has been developed and widely applied in praxis (refcrences-see below). 

Potato aphids. Influence of various insecticides on potato aphids and their indige- 
nous and introduced parasites, and the influence of some cultural practices (weeding, 
timing of planting, strip cropping) were studied by shands et ai. (1965. shands & 
Landis 1964) m Maine. 

Brassica aphids. Influence of insecticides on Brevicoryue brasstcae and Myzus persicae 
and their parasite, Diaeretiella rapae, was dealt with by shorey (1963, SHOREY, 
Reynolds n anderson 1962). pimento. (1961) studied the influence of insecticides on 
the Brassica single — and mixed — communities, special attention being paid to aphids 
and their parasites. 

Aphids on peppers, shorey (1961, 1963, shorey* hale 1963) developed and success- 
fully applied in praxis an mtegrated control program on peppers, the chemical 
control being used for re-cstablishmg the favourable balance bets', ecu the pest aphid, 
Myzus persicae and its parasite populations. 

Citrus aphids. The influence of insecticides on citrus pest aphids and their parasite, 
Lysiphlebits testateipes was studied by bartlett (1958). 

Walnut aphids. The influence of some pesticides, which were applied to control 
some other pests, on Chroniaphis juglandicola and its mtroduced parasite, Trioxys 
pallidas, were reported by v. d. bosch, schlinger * hagen (1962). 

Research on the effects of various insecticides on various pest aphids and their 
indigenous parasites was undertaken by several authors : morrill {1921) Aphis gossypii 
and Lysiphlebits testaccipes; FOLSOM * bondy (1930) Aphis gossypii and Lysiphlebits 
tcstaceipes, Richardson * casanges (1942) Myzus persicae and Aphidius matricariac, 
Wilson (1948) Rhopalosiphum maidis and Lysiphlebits testaceipcs. 

In addition to the mentioned authors we should also mennon the trend in cultural 
control developed originally by marcovitch (1935). the strip farming program. 
Rfcs.: Bartlett 1958, v. d. Bosch 1959, 1965. 19 66, v. d. Bosch, Lagace, Stem 1966, 
v. d. Bosch, Schlinger, Hagen 1962, v. d. Bosch et aL, 1964, 1966, Davis et al. 1957, 
Folsom ct Bondy 1930, Knowlton 1966, Marcovitch 1935, Momll 1921, Pimentel 
iyQi, Richardson et Casanges 1942, Schlinger ct Dictrick i960, Smith R. F. ct Hagen 
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ijjj 9, i960, 1965, 1966, Stern i960, 1962, Stern, v. d. Bosch, Leigh 1964* Stem, 
v. d. Bosch 1959, Stem ct al. i960, Stands ct Landis 1964, Shands et al. 1965, Shorcy 
1961, 1963, Shorcy ct Hale 1963, Shorcy, Reynolds, Anderson 1962, Wiackowksi 
i960, Wilson 1948. 

- u.s.s.u. Recommendations on the conservation of parasites in the orcliards of 
the European part were elaborated by cusynina (1958). 

Integrated control of aphids on cotton is reported to be in progress in some 
districts of C. Asia. Rfes.: Gusynma 1958. 


HABITATS AND CROPS 

-Alfalfa. Alfalfa, a perennial crop, represents a relatively stable agroccosystcm, 
which includes a relatively low number of key pest species. These and other factors 
make the alfalfa crop one of the obviously most suitable objects for an integrated 
control program to develop. 

Integrated control of pest aphids on alfalfa has been the subject of research of 
Californian workers for many years. Because the two aphid key pests, Acyrthosiphon 
pisum and Thcrioaphis trifolii represent introduced species, parasites from abroad 
were introduced and successfully established, their action being supported by the 
indigenous natural enemies, namely predators. The biological control is integrated 
with the use of selective insecticides, an irrigation program, and by the development 
of a special mowmg system which allows the best conservation of natural enemies 
(parasites) and widely support* the existence of relative stability in the given eco- 
system which would be strongly negatively influenced by the commonly used 
harvesting practices. 

In Europe the main interest scents to be paid to the action of indigenous parasites 
whose effectiveness is supported by the use of selective insecticides, introduction of 
parasites from abroad and by the modification of cultural practices. Work on this 
problem is in progress (obrtel 1961, piekarczyk & wegorek 1966, hozAk in press, 
stauy in hit.). Rfes.: Bartlett 1958, v. d. Bosch 1965, 1966, v. d. Bosch, Lagacc, 
Stern 1962, v. d. Bosch ct al. 1939, 1964, 1966, Davis ctal. 1957, Hozakrn press, Knowl- 
ton 1966, Obrtel 1961, Pickarczyk ct Wcgorck 1966, Schhngcr ct Dictrick i960. 
Smith R. F. ct Hagen 1965, 1966, Stem 1962, 1966, Stern ct v. d. Bosch 1959. Stern, 
v. d. Bosch Born 1958, Stern, v. d. Bosch, Bowen 1962, Stem, v. d. Bosch, Leigh 
1964, Wiackowski i960. 

- apple. Research workers Iiavc paid great interest to the influence of modern 
cultural practices applied 111 apple growing on the main pests and their natural 
enemies (parasites) in Europe (post 1962, wildbolz 1965). Furthermore, within the 
frame of integrated control m apple orchards, the effect of various insecticides on 
the parasites has been dealt with (recniui 1923, principi ct al. 1967, steiner 1965)- 
n r“ T 'u “ f “ nscrv « 10 » »<> apple orcliards were elaborated in the 
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In Germany, recommendations were elaborated to conserve the indigenous para- 
sites through environmental modifications (sedlag 1959, I9<>4» paetzold & vater 
1966). Rfes.: Lowe 1958, 1964, Paetzold ct Vater 1966, Pimentel 1961. Potter ct 
Perkins 1946, Sedlag 1959, 1964, Shorcy 1963, Shorcy, Reynolds, Anderson 196a, 
Wilson i960. 

- cereals. The effect of various insecticides on mummified parasites of cereal pest 
aphid, Sito/imm avctiae, was studied in Japan (kato te shiga 1964). 

The influence of weeding on Schizaphis graminum and indigenous parasites was 
dealt with by peairs a. davidson (1956) in the U.S.A. Rfes.: Kato ct Shiga 1964, 
Peairs ct Davidson 1956. 

- cherry. The influence of various insecticides applied in the Canadian cherry 
orchards on the indigenous parasites of the pest aphid was the object of research of 
proverbs (1954). Rfes.: Proverbs 1954. 

- citrus. Projects on parasite conservation in the Italian Citrus orchards through 
environmental modification and use of alternative hosts were dealt with by stary 
(1964, 1966). 

Several recommendations on integrated control of atrus aphids of the world were 
elaborated by stary (15)67). 

The influence of insecticides on the indigenous parasites of citrus pest aphids in 
California was the subject of research of bartlett (1958). Rfes.: Bartlett 1938, 
Stary 1964, 1966, 1967. 

-cotton. Integrated control of cotton aphids was developed m Peru (adarve 
1965, BOZA BARDUCCI 1965). 

Attempts on the development of an integrated control program of key aphid 
pests of cotton are also reported from the Soviet C. Asia, where the aphids represent 
a serious economic problem. Rfes.: Adarve 1965, Boza Barducci 1965. 

-maize. Integrated control, with prevalence of cultural practices (sowing data, 
weeding), as a means of pest aplud control on maize was proposed m Egypt (hassan 
x 95 7 )* 

The influence of insecticides on RJwpalosiphum ntatdis, a pest aphid m Ohio, was 
studied by Wilson (1948). Rfes.: Hassan 1957, Wilson 1948. 

- peach, plum, apricot. As to pest aphids, the work concerning integrated control 
of pests seems to be concentrated on the problems of Hyaloplems pnmi 

stary (1964, 19 66) elaborated a project on parasite conservation in Italian orchards 
through the modification of the environment and use of alternative hosts. 

H. pritni has been an object of biological control through attempts to introduce a 
parasite, Aphiditis transcaspicus, mto Czechoslovakia. I11 this connection, several pro- 
posals on integrated control development were elaborated (stary rfes.). 

In Iraq, where the effectiveness of the indigenous Aphidtus transcaspicus was found 
to be rather high in some periods of the season, the selective use of insecticides to 
support its action was proposed by al-azawi (1966). Rfes. : Al-Azawi 1966, Stary 
1964, 1965, 1966. 

- peppers. Integrated control program of Myztis pcrsicat, one of the key pests on 
peppers, was developed and successfully applied in praxis by Shorey (1961, 1963, 
shorey & hale 1 963). Selective insecticides arc used to suppress the increase m aphid 
population levels below the economic threshold and to re-establish the favourable 
aphid-mdigenous parasite ratio. Rfes.: v. d. Bosch 1965, Shorey 1961, 1963, Shorey 
et Hale 1963. 

- potatoes. Integrated control of aphids on potatoes was developed in Maine. 
Use of selective insecticides and modification of the environment (weeding, planting 
time, inter-cropping) was directed to support indigenous and to a lesser degree 



introduced natural enemies (parasites). Kies.: Shands ct Landis 1964, Shands ct al 
1965. 

- sugar beet. Integrated control of Aphis fahae, one of the key pests in Czecho- 
slovakia, was mainly directed to the use of predators, while the parasite research 
was dealt with on a basic research level and only some recommendations on parasite 
conservation through modification of the environment were made. Kies.: Hodek 
et al., 1966, Stary 1962, 1966, Zclcny 1964. 

- walnut. Chromaphts jtiglandirola, an introduced pest on walnut in California, 
was an object of mainly biological control, but it was necessary to evaluate the 
effect of chemical control measures directed against other walnut pests. This work 
was undertaken by v. d. bosch et al. (1962) with respect to the conservation and 
effectiveness of Trioxys pallidas, an introduced parasite of the mentioned aphid. 
Kies.: v. d. Bosch, Schlinger, Hagen 1962. 

If we summarize the integrated control of the key pest aphids on different crops 
it is obvious tliat integrated control programs were developed both in annual and 
perennial crops. Although there is a general opinion that perennial crops arc more 
suitable for the development of integrated control programs because of a greater 
relative stability of the ecosystem, it seems that at least a more favourable state as 
to the host-parasite population relations can be reached through the use of integrated 
control programs in annual crops too. 


APHIDS-CONTROL OBJECTS 

- Acyrthosiphon pisum. boness, 1958, Germany, clover, Aphidius ervi, influence of 
Toxaphcnc. v. D. bosch, 1965, California, alfalfa, integrated control, v. D. BOSCH 
1966, California, alfalfa, A, smithi, influence of cultural practices, v. D. bosch et al, 
1966, California, alfalfa, A. smithi, influence of cultural practices. V. D. bosch, 
lacace & stern, 1966, California, alfalfa, A. smithi, influence of cultural practices, 
strip cutting program, obrtel, 1961, Czechoslovakia, alfalfa, A. ervi, influence of 
Demeton and Malathion. piekarczyk & wecorek, 1966, Poland, alfalfa, A ervi, 
recommendations— the timing of treatment, schlinger & dietrick, i960, California, 
alfalfa, A. smithi, influence of cultural practices, strip cutting program, smith & 
11ACEN, 1965, California, alfalfa, A. smithi, influence of cultural and physical practices, 
cutting and irrigation, stern, v. d. bosch & bowen, 1962, California, alfalfi, A. 
smith, influence of parathion, guthion, dimethoate, mcthoxychlor. stern, v. d. 
bosch ec LEIGH, 1964, California, alfalfa, A. smithi, influence of cultural practices, 
stnp cutting. 


- Aphis fahae. hodek et al., 1966, Czechoslovakia, sugar beet and other host plants, 
parasite conservation projects, laboratory-influence of insecticides: Praon abjectum, 
fostotion, 1 nt rati on , nictation, Lysiphlebus fabarum, fosfotion, intration. sen, i 9 53-4, 
India, field and laboratory experiments, influence of HETP, parathion, BHC, DDT. 
zeleny, 1964. Cztchoslovjku, laboratory, Praon abjmmn, LyupM'Ua Johorm, in- 
tlucncc ol iosfotion, intration and Soldep. 

-Aphi, go„yp„. boza BAUDUCC., ,96;, Peru, coiton, parasites spp.. integrated 
, T°“ * “’“’V ,9J0 ’ USA - L r“P’ M - > mfWe of calcium 

ancnaic. MonaiLi, 1921. U.S.A., L. Urtauipc, uiguence of nicotine. 

principlpi: Tl ^ T 'r 9 \ Z ' NcI ^ CT ^ an ^ s * apple, Trioxys angel tcae, cultural practices. 
Z“e ' y ' aPP ' T '- “t' 1 ™’ ofmcthylparatlnon, nolan. 


“ ol J B ot"’EMAis°N, ,96a. France, Brassica sp., DiaermJ/a rapae, 

a"” 10 ' 1 ”"! mevmphot, vanudothion, drme.hoaie, 
nolan. town, , 9S S. N. Zealand, Brass, ca S p„ D. rapae, influence of metaiynox. 
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lowe, 1964, N. Zealand, Brassica sp., D. rapae, influence of insecticides, paetzold a 
vater, 1966, Germany, Brassica sp., D. rapae, rccommcndauons-parasitc conserva- 
tion. pimentel, 1961, N.Y., Brassica olcracca, D. rapae, influence of DDT, rotenone, 
paratHon, endrin, malathion. potter & perkjns, 1946,? Gr. Britain, Brassica sp., 
D. rapae , influence of DDT. shorey, 1963, California, Brassica sp., D. rapae, influence 
of demeton, endosulfan, dimethoate, phosphamidon, parathion, diazinon, phosdrin, 
DDT, zectran, cthion. shorey, Reynolds a anderson, 1962, California, Brassica sp., 
D. rapae, influence of zectran, sevin, dilan. way, 1949, Gr. Britain, Brassica sp., 
laboratory, D. rapae, influence of DDT, BHC. WILSON, i960, Australia, Brassica sp., 
D. rapae, influence of lead arsenate. 

-Chromaphis juglandicola. v. d. boscii, schuncer a hagen, 1962, California, 
walnut, Trioxys pallidas, influence of DDT. 

- Dysaphis plautaginca. principi et al., 1967, Italy, apple, Trioxys angelicae, AphiJius 
pieipes, influence of parathion, methylparathion, DDT. 

- Hyafoptcnis pnmi. al-azawi, 1966, Iraq, apricot, Ap/iufisis trauscaspicus, recom- 
mendations-timing of treatment, stary, 1964, 1965, 1966, Czechoslovakia, peach, 
plum, parasite conservation, recommcndations-timing of treatment, stary, 1964, 
Italy, peach, Aphidius transcaspicus, recommendations-parasite conservation. 

- Upaphis pseudobrassicae. pimentel, 1961, N.Y., Brassica oleracea, Diacretiella rapae, 
influence of DDT, rotenone, parathion, endnn, malathion. 

- Myztis ccrasi proverbs, 1954, Canada, cherry, Lysiphlebas testaceipes. Ephedras 
perskae, influence of insecticides. 

- Myzus persieac. hussey, 1965, Gr. Britain, Aphidius matricariae, possibilmes- 
integrated control in greenhouses, pimentel, 1961, N.Y., Brassica olcracca, Diaeretiella 
rapae, influence of DDT, rotenone, parathion, endrui, malathion. richardson & 
casanges, 1942, U.S.A., Aphidius matricariae, influence of nicotine, shorey, 1961, 
California, peppers, Aphidius matricariae, influence of thiodan, diazinon, parathion, 
dylox, sevin, rotenone, dibrom, guthion, dimethoate, trithion, ethion, phospha- 
midon, ronnel, Bayer 3091 1, GC-4072, Bayer 29493. shorey, 1963, California, 
peppers, A. matricariae, influence of dimethoate, di-synton, guthion, phoratc, Bayer 
3091 1, Mcnazon, Meta-systox-R, phosphamidon, Union Carbide 10834. shorey a 
hale, 1963, California, peppers, A. matricariae, influence of dimethoate, di-synton, 
endosulfan, diazinon, parathion, phosphamidon. shorey, Reynolds a anderson, 
1962, California, Brassica sp., Diaeretiella rapae, influence of zectran, sevin, dilan. 
way, 1949, Gr. Britain, Brassica sp.-laboratory, Aphidius matricariae, influence of 
BHC. 

- Pentalonia uigronervosa. stary, 1966, integrated control projects. 

- Rhopalosiphum maidis. hassan, 1957, Egypt, maize, cultural practices, wilson, 
1948, Ohio, maize, Lysiphlebas testaceipes, influence of DDT. 

- Schizaphis gramiiuim. peairs & davidson, 1956, U.S.A., cereals, cultural practices. 

- Sitobtum avenac. kato & shiga, 1964, Japan, cereals, hymenoprerous parasites, 
influence of insecticides. 

- Therioaphis trijolii. bartlett, 1958, California, alfalfa, Praon e.\ ole turn, Trioxys 
complaiiatas, influence of schradan, malathion, parathion, phosdnn, lindane, rotenone, 
toxaphene, BHC, TEPP, demeton, nicotine sulphate, v. d. bosch, 1965, California, 
integrated control, v. D. bosch et al., 1959, California, alfalfa, Praon exoletum, 
Trioxys complaaatus, integrated control-insectiade application, cultural practices. 
V. D. bosch et al., 1964, California, alfalfa, hymenoprerous parasites, influence of 
cultural practices -cutting, davis et al., 1957, California, alfalfa, integrated control 
program, schuncer & dletricr, i960, California, alfalfa, influence of cultural 
practices on parasites-strip cutting, smith & hagen, 1965, California, alfalfa, influence 



of irrigation and cutting on hymcnopterous parasites, smith & HAt.cN, 1966, Cali- 
fornia, alfalfa, integrated control, stern, 1966, California, alfalfa, integrated control. 
stern & v. d. bosch, 1959, California, alfalfa, Praon exoletum, Trioxys complanatus, 
influence of parathion, malathion, phosdrin, tnthion, systox. stern, v. d. bosch & 
bORN, 1958, California, alfalfa, Praon exoletum, influence of parathion, malathion, 
phosdrin, tnthion, systox. stern, v. d. bosch & bowen, 1962, California, alfalfa, 
h> menoptcrous parasites, influence of parathion, guthion, dimethoate, methoxy- 
clilor. 

- Toxopura attrantti. stary, 1964, 1966, Italy, citrus, projects on parasite con- 
servation. 

-Apple aphids. Steiner, 1965, Switzerland, apple, Ephedras plagiator, influence of 
parathion. 

-Citrus aphids, bartlett, 1958, California, citrus, Lystphkbtis testaceipcs, influence 
of demeton. 

- Fruit tree aphids. GUSYNTNA, 1958, U.S.S.R.-Eur. part, rccommcndations-parasitc 
conservation. 

-Potato aphids, shands ct al., 1963, Maine, potato, parasite speaes, influence of 
liiscctiadcs, cultural practiccs-plantmg time, strip cropping, shands sc landis, 1964 , 
Maine, potato, parasite speaes, integrated control, shands ct al., 1965, Maine, 
potato, parasite speaes, integrated control, influence of DDT, cndosulfan, barthnn, 
carbary I, carbophcnothion, chlortluon-R, DDVP, diazuion, endrin, cndothion, 
ethion, guthion-R, parathion, toxaphcnc, zectran-R, demeton, meta-systox-R, 
mcnazon, di-symon-R, phoratc, dimefox, bildnn-R. 

- Aphid species, adarve, 196 $ (paper unknown to the author). 


PARAS ITLS-CONTROL AGENTS 

- Aphid, us ervi. BONESS, 1958, Germany, clover, Acyrthosiphon pi sum. influence of 
toxaphcnc. obrtel, 1961, Czechoslovakia, alfalfa, A. pisum, influence of demeton 
and malathion. hekauczyjc & wegorek, 1966, Poland, alfalfa, A. pisum, recommen- 
dation- chemical treatment timing. 

- Aphidms matruariae. hussey, 1965. Gr. IJntam, greenhouses, rccommcndations- 
lntcgratcd control. Richardson & casances, 194a, U.S.A., Myzus perstcae, influence 
of nicotine, siiorey, 1961, California, peppers, M. perstcae, influence of thiodan, 
diaanon, parathion, dylox, sevin, rotenone, dibrom, guthion. dimethoate, tnthion, 
ethion, phosplumidon. ronncl. Bayer 3091 1, GC-4072, Bayer 29493. siiorey, 19^3. 
California, peppers, .\t. persicae, influence of dimethoate, di-sy nton, guthion, phoratc, 
Ua > cr 309U. mcnazon. meta-systox-R, phosphamidon. Union Carbide 10854* 
SIIOREY k HALE, 1 963, California, peppers, M. persicae, influence of dimethoate, 
ii-symon, cndosulfan, diazinon, parathion, phosphamidon. way, 1949, Gr. Bntain, 
laboratory, .If. persicae, influence of BHC. 
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- Aphidius transcaspicus. al-azawi, 1966, Iraq, apricot, Hyaloptcrus priuii, rccommcn- 
dations-timmg of treatment, stary, 1964, Italy, peach, parasite conservation 
projects, stary, 1964, 1966, Czechoslovakia, peach and plum, parasite conservation 
projects. 

- Diaeretiella rapac. BONNF.MAISON, 1962, France, Brassica sp., Brcvicoryne brassicae, 
influence of demcconmethyl !, cndotliion, mevinphos, vamidothion, dimethoatc, 
isolan. lowe, 1958, N. Zealand, Brassica sp., Br. brassicae , influence of metasystox, 
10 we, 1964, N. Zealand, Brassica sp., Br. brassicae, influence of insecticides, paetzold 
& vater, 1966, Germany, Brassica sp., Br. brassicae, rccommcndations-parasitc 
conservation, pimentel, 1961, N.Y., Brassica olcracca, Myzus pcrsicec, Lifaphis 
pscndobrassicae, Brcvicoryne brassicae, influence of DDT, rotenone, parathion, endrin, 
malathion. potter & perkins, 1946, Gr. Britain?, Brassica sp., Brcvicoiyne brassicae, 
influence of DDT. SHOREY, 1963, Califorma, Brassica sp., Br. biassicae, influence of 
demeton, endosulfan, dimethoatc, phosphamidon, parathion, diazinon, phosdrin, 
DDT, zectran, ethion. shorey, Reynolds a anderson, 1962, California, Brassica sp., 
Bra'iVeryne brassicae, Myzus persicac, influence of zectran, sevin, dilan. way, 1949, 
Gr. Britain, Brassica sp., Brevicoryne brassicae, influence of DDT, BHC. wilson, i960, 
Australia, Brassica sp., Br. brassicae, influence of lead arsenate. 

- Epltedrus pcrsicae. proverbs, 1954, Canada, cherry, Myzus ccrasi, influence of 
insecticides. 

-Ephcdrns plagiator. regnier, 1923, France, apple, pest aphids, influence of insectici- 
des Steiner, 1965, Switzerland, apple, apple aphids, influence of parathion. 

- Lysiphlebus ambiguus. stary, 1964, 19 66, Italy, citrus, Toxoptera aitrantii, re- 
commendations-paTasitc conservation. 

- Lysiphlebus fabarum. hodek ct al., 1966, Czechoslovakia, Aphis fabae, parasite 
conservation projects, influence of fosfotion, intration-laboratory. zeleny, 1964, 
Czechoslovakia, A. fabae, influence of fosfotion, nitration, soldep-laboratory. 

- Lysiphlebus tesraceipes. bartlett, 1958, California, citrus, citrus aphids, influence 
of demeton. folsom & bondy, 1930, U.S.A., Aphis gossypii, influence of calcium 
arsenate, morrill, 1921, U.S.A., A.gossypii, influence of nicotine. peairS & davidson, 
1956, U.S.A., parasite conservation projects, proverbs, 1954, Canada, Myzus ccrasi, 
influence of various insecticides, stern, V. d. bosch a boweN, 1962, California, 
alfalfa, Acyrtftosip/wii puiuu, influence of parathion, guthion, dimethoate, methoxy- 
chlor. WILSON, 1948, Ohio, maize, Rhopalosiphum maidis, influence of DDT. 

- Praon abjcctwn. hodek ct al., 1966, Czechoslovakia, Aphis fabae, parasite conserva- 
tion recommendations, influence of fosfotion, nitration, nictation-laboratory. 
zeleny, 1964, Czechoslovakia, A. fabae, influence of fosfotion, miration, soldep- 
laboratory. 

- Praon exoletum. bartlett, 1958, California, alfalfa, Therioaphis trifolu, influence 
of schradan, nicotine sulphate, demeton, malathion, parathion, phosdnn, lindane, 
rotenone, toxaphenc, BHC, TEPP. v. d. bosch et al., 1959, California, alfalfa, 
Th. trifolii, integrated control, v. D. bosch et al., 1964, California, alfalfa, Th. trifohi, 
influence of cultural practices- cutting, davis et aL, 1957, California, alfalfa, Th. 
trifolii, integrated control, knowlton, 1966, Utah, alfalfa, Th. trifohi, integrated 
control, schlinger a DiETRtCK, 1960, California, alfalfa, Th. trifolii, influence of 
cultural pracriccs-strip harvesting, smith a hagen, 1965, California, alfalfa, Th. 
trifolii, influence of physical and cultural practices- irrigation and cutting, stern, 1962, 
California, alfalfa, Th. tufolti, influence of parathion. stern a v. d. bosch, 1939, 
California, alfalfa, Th. trifohi, influence of parathion, malathion, phosdnn, trichion, 
systox. STERN, v. D. bosch a bowen, 1962, California, alfalfa, Th. trifohi, influence of 
parathion, guthion, dimethoate, methoxychlor. stern, v. d. bosch a born, 1958, 



California, alfalfa, Th. tnfohi, influence of parathion, malathion, phosdnn, trithion, 
systox. wiaCeowskj, i960, integrated control, 

- Trioxys angeluac. post, 1962, Netherlands, apple. Aphis pomi, influence of cultural 
practices, piUNCiPi ct aL, 1967, Italy, apple, A. pomi, influence of mcthylparathion, 
isolan, nicotine, parathion, DDT. 

- Trioxys fomplanatus. bartlett, 1958, California, alfalfa, Therioaphis tnfohi, 
influence of malathion, parathion, phosdnn, lindane, rotenone, toxaphenc, BHC, 
TEPP, demeton, nicotine sulphate. V. D. bosch ct al., 1959. California, alfalfa, 
Th. tnfolii, integrated control, v. D. bosch ct al., 1964, California, alfalfa, Th. tnfohi, 
influence of cultural practiccs-cutting. DAVIS ct al., 1957. California, alfalfa, Th. 
tnfohi, integrated control, knowlton, 1966, Ohio, alfalfa, Th. tnfolii, integrated 
control. sciiltNCCR ti dietrick, i960, Cahfomia, alfalfa, Th. tnfohi, influence of 
cultural practiccs-stnp cutting, smith & HAGEN, 1965, California, alfalfa, Th. tnfohi. 
influence of physical and cultural practices-irrigation and cutting, stern, 1962, 
California, alfalfa, Th. tnfohi, influence of parathion. stern & v. D. BOSCH, >959# 
California, alfalfa, Th. tnfohi, influence of parathion, malathion, phosdnn, trithion, 
S)Uox. stern, v. D. bosch & bowen, 1062, California, alfalfa, Th. tnfohi, influence of 
parathion, guthion, dimethoate, mcthoxychlor. wiackowski, i960, integrated 
control. 

- Trioxys palhthis. v. d. bosch, schlincer & hacen, 1962, California, walnut, 
Chromophis juglaitJtcohi , influence of DDT. 

- Parosite species, adauve 1965 (paper unknown to the author), bartlett, JS*4. 
review of pesticides with respect to their toxicity to natural enemies; parasites- 
UHC, bordcaux mixture, calcium arsenate, chlordanc, cryolite, DDT, ddanR, 
lead arsenate, mcthoxychlor, parathion, pcrthanc R, toxaphenc. boza BARDUCCt, 
19613, Peru, cotton, influence of insecticides, cusynina, 1958, U.S.S.R.-Eur. part, 
rccommctidations-parasitc conservation program, orchards, kato & shica, 1964. 
Japan, cereals, Sire&ium aimae , influence of insecticides, sen, 1953-4, India, Aphis 
/j/w. influence of HETP. parathion. BHC, DDT. siiands ct al., 1965, Maine, potato, 
potato aphids, integrated control; influence of msccticidcs-DDT, cndosulfan, 
baxihrin, catbaryl, catbophcnothion, chlorthion-R, DDVP, diazinon, endnn, 
cndotluon, cthion, guthion-lE, parathion, toxaphenc, zeetran-R, demeton, meta- 
systox-R, mciuzon, di-synton-R, phoratc, dimefox, bildnn-R. 
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CHAPTER XIII 


Multilateral Control of Aphids 


In earlier times aphid coutrol in a given crop or a given pest aphid was dealt with 
as a separate problem, while in recent years a complex approach has been generally 
required. Many authors have independently reported remarkable examples. An 
integrated control concept has been developed. However, the approach to some 
pests, namely aphids, needs a wider aspect, such as would cover the species in various 
ecosystems. For this reason, the multilateral approach, being defined as Multilateral 
aphid control concept, has been developed by the author to stress the importance of 
interrelations among the separate ecosystems with respect to pest aphid control. 

MCleod (1937) observed that in greenhouses Myzus persicae will live on various 
parts of its host plants, but the parasite EphcJrus psrsicae attacks only the aphids on the 
more exposed parts of the plant. The aphids on more shady parts of the plant are not 
attacked. There is, however, another parasite, Apludius matricariac, which prefers 
just these places. 

These observations are important, to stress the significance of microenvironments 
in pest aphid control by parasites. We can confirm them by another example, that of 
Myzus persicae and its parasite Diaerctiella rapae as observed in a greenhouse in 
Czechoslovakia: the parasite attacks the aphid on larger and broad leaves, while in 
other parts or on other plants the aphid is attacked only shghtly or not at all. 

peairs & Davidson (1956) recognized that Sehizaphis gramimtm causes severe 
damage to barley, oats and wheat. Its principal host plants are wheat and oats, but it 
can and does hve on several kinds of grasses and other gram crops. Cultural control 
through destruction of wild grasses was recommended. 

Therefore, they recognized that control of pests on cultivated crops does not 
solve the problem, the other ecosystems being important just as well in aphid control. 

Griffiths & Thompson (1957), dealing with aphid control in Florida citrus orchards, 
mentioned the necessity of repeating the treatments by chemicals in orchards to 
control the aphids. In this connection, aphids arc mentioned to be seasonal pests 
attacking citrus only during a part of its growth period. 

This means again that sources of citrus pest aphids occur perennially in the neigh- 
bourhood of orchards; the treatment represents a short-time protection and does 
not touch the pest beyond the borders of citrus orchard ecosystem. 

v. d. bosch (1957): Aphis cracdvora, Acyrthosiphon pisum, and Thcrioaphis trifolii 
are mentioned as pest aphids on alfalfa in California. 

A similar situation can be found in C. and southern Europe, where there are 
significant differences in relations of separate aphid spcdcs to neighbouring eco- 
systems, seasonal history, prevalence, parasite complexes, etc. 

v. d. bosch (1959)2 when searching for parasites of Thcrioaphis trifolii in the Old 
World, in the Middle East especially, he found that there are differences as to the 
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inicrohabitat in two species of parasites: Praon exoletwn and Trioxys comphnaius. 
These differences were also later proved experimentally by roBCE ft messenger (1964). 

The aphid has apparently a wider ecological range as to the microliabitats than 
its parasites in the Middle East. Were there only a single parasite species occurring or 
introduced in California, the aphid would be free of parasites 111 certain parts of us 
distribution area in dependence of its parasites occurrence possibilities. 

sciiLiNGCR, hagen & v. d. Bosch (1960): Chnvuaphis ju^landuola is expected to be 
controlled by an introduced parasite, Trioxys pallidas, in California. As the aphid 
attacks the walnut tree exclusively, it might be attacked by the parasite in all its 
distribution area. 

Therefore, there being no full coincidence of host and parasite in their distribution 
in California, the aplud would exhibit some parts in its distribution area where the 
parasite would be absent. 

luzhetzki (i960) and mamontova (19J7): Kobinia pscudoacacia and Caragana 
arborcsecus were found to be seasonal sources of Aphis iraccivora, a pest aphid on 
cotton ill southern parts of the Ukraine and in C. Asia in the U.S.S.R. A high degree 
of parasitization on Robinia was observed (50-70 %), wliilc it was low and gradual 
in cotton fields. 

The significance of various ecosystems in which the aphid occurs during the 
season, with respect to aphid control on cotton, is well documented by this example. 
Control of aphid on cotton docs not touch the sources of the pest in the neighbour- 
hood. 

weismann ct al. (1961): significance of the occurrence of Aphis fabac on its primary 
host plant, Euonymus curopaca for the outbreaks of the aphid on sugar beet in 
Czechoslovakia is discussed and means of (chemical) control elaborated or re- 
commended. 


The aphid occurs in quite different ecosystems (forest edges and fields), their 
relationship with respect to aphid control is stressed. Our observations (star Y 1964) 
have shown that parasite complexes arc different. 

SMITH (1962): integrated control concept was elaborated. The significance of 
ecosystem is stressed: (see previous chapter). 

siiands ft LANDIS (1964) recognized the importance of wild host plants as sources 
ot aphids that become pests on potatoes later in the season, recommendation for 
control in Maine being added. 

Some light was thrown on the relations between vinous (field) ecosystems during 

the season with respect to aphid control iud parasite (natural enemy) occurrence. 

“ 1 th ?‘ colonization and population of potatoes by Mp «• 

Afar t b b ‘ rc 8“ dl “ « f l,ow “rfy potatoes were planted in S. 
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die »lo^Lauoo U of a “, C ° f P "‘a“ h ° !I P bn,s ’ m *e vjcrmty of gardens namely, 
the veldt Man ■ t?° 'T s , tartcd car * lcr > or mote intensively at first than out in 

start Arre-ctvel °systcm for cotton growing is apparent, 

alternation with resnert C ,mporta " cc Hyoiopterus prunt host plants and habitat 
alternation wtth respect to integrated control. While chermcal treatments are tech- 
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nically possible in orchard ecosystems, this is not the case of wild ecosystems, c.g. 
edges of deciduous woods, hedges or reeds on ponds. 

kjuz (1966): Primus domcstica as a primary aphid host plant and source of 
PhoroJoii httnmli for dispersal of the pest to hop gardens in Czechoslovakia, is 
mentioned. The timing of treatment must be made in dependence on the emigration 
of aphids from plum trees. However, under certain conditions, the emigration is 
rather prolonged, with corresponding later difficulties in aphid control in hop 
gardens. 

way (1966) touched the multilateral approach as well when dealing with dispersal 
of aphids with respect to their natural enemies. He mentioned that little is known 
about the natural limitation of aphid populations except over relatively short periods 
of time in a single field or on single plants. True limitation may depend on inter- 
actions over a very large area, especially for the species which attack ephemeral 
annual crops. 

The significance of a “very large area”, covering apparently several different 
ecosystems, is stressed. Weeanaddthat the same is true of the parasites, and, moreover, 
the parasites exhibit some other and often more complicated — being parasites — 
relations to their environment. 

stary (original observations): Rhopalosiphum maidis was found to be a pest of 
maize (sucking) and of sugar cane (vector) in Cuba, while occurring also on various 
wild grasses in the neighbourhood of plantations. Its economic significance is mainly 
in transnutring virus disease onto cane; it must, however, be controlled m other 
ecosystems from which it disperses to cane fields (maize, wild grasses). 

Similarly, Toxoptera auraiitii must be controlled in various ecosystems of tropical 
rain forest in Cuba, as it attacks a great number of other plants besides cocoa and 
coffee. The control of aphids in a plantation docs not solve the question as their 
sources in the neighbourhood arc untouched. A similar case is that of the same aphid 
in the Black Sea coastal area of the U.S.S.R,., where it is a pest of Citrus and tea 
plantations. Other aphids in the tropics might be mentioned as further examples as 
well ( Penlabtiia lligrottervosa on bananas, etc.). 

stary (1967); brief information on multilateral aphid control concept has been 
published. 

Further numerous examples may be found in the chapter on foci of parasites. 

APHID and parasite biology, j. It is generally known that 110 sharp limits exist 
among different ecosystems in nature, various intermediary zones being distin- 
guishable. There are different connections with respect to separate species. This 
opinion was also shown earlier by smith (1962). Similar laws are true also of the 
ecosystems of various crops — with agroecosystems. Aphids are a group of insects 
which arc just rather typical in crossing the limits of various ecosy stems, in connection 
with their facultative or obligatory host alternation for instance. Aphid parasites are 
a group which is more ecosy stem-dependent due to the stronger dependence on the 
type of habitat. 

2. Open and closed ecosystems. Many ecosystems are rather stable, the number 
of species present is relatively constant and it is difficult for a species to enter such a 
system, as the ecological relations between the organisms occurring here are rather 
fixed, a result of long evolution. On the other hand, the other ecosystems do not 
have similar fixed relations for various reasons, and a species may more easily join 
the community. 

Aphids, being migratory organisms, are often seasonal inhabitants of certain 
ecosystems. It is necessary to stress the formerly mentioned fact that aphids were 
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originally members of closed ecosystems (forests) and this feature is still recognizable 
in the occurrence of some aphid groups of today. However, other aphid species are 
present in dosed ecosystems such as forests during a certain part of the season, 
emigrating to other ccos> stems— both dosed and open ones. This feature gives 
aphids a peculiar position as to their control. The parasites, on the contrary, do not 
alternate liabitats, being relatively habitat dependent: naturally, they have a certain 
dispersive potential which allows them to disperse from one related ecosystem to 
another. 

3. Microenvironment is a further feature distinguishing aphid and parasite groups. 
Although being present in the same ccosjstcm, the parasites may be differentiated 
in dependence on apliid microenvironment, a certain part of a plant or a dried or 
more humid area of the ecosystem. 

4. Host and parasite in various ecosystems. Prinripally, as is stressed in other 
chapters of this book, host (pest) and parasite may or may not coexist in an eco- 
system during the whole season, the host aphid being responsible for the changes in 
the relations due to tts migration, in other eases, coexistence may be relative or 
unequal (quiescent states either of host or parasite spcdcs). 


multilateral limitation. It is generally known that an insect spcrics may have 
different average population densities, i.c. equilibrium positions, in different habitats. 
There arc differences in food, shelter, natural enemies, or physical factors involved 
(doutt a DuiAcn 1964). On the other hand, enemy action as a whole results from the 
complementary total sum of single species action differing in many ways (franz 
1964). 

Aphids, the pest species namely, arc just typical insects which occur commonly 
in different t>pcs of habitats. Better to say, in some climatic zones, the obligatory 
host alternation is also connected with the habitat alternation. Naturally, and tins 
is an illustration of the above mentioned general theses, they have different average 
population densities m these habitats as well. As we have already shown, there is 
mostly a strong difference between the parasite complexes in these habitats, i.c. in 
habitats of different kinds, besides, some habitats of the same or different kinds may 
be statue or unstable environments. The number of aphids on primary host plants 
mfluenees the number of emigrating aphids and their initial occurrence on the 
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of an aphid in a given plot or a crop, therefore, might be demonstrated as an apparent 
case of our ignorance of the conditions so nicely demonstrated to occur in nature. 

The principles of the multilateral control concept may be briefly defined as follows; 
an aphid pest species must be controlled as a spcdcs (total population) in all the 
ecosystems in which it occurs during the season. Its occurrence in a given plot such 
as a cultivated crop field cannot be classified separately, but with respect to condi- 
tions in other ecosystems. 

There is no doubt, however, that it is a real question whether we shall be able to 
“control” the species in all ecosystems. In some closed ecosystems namely, we 
perhaps shall be able to get only some information on the degree of limitation of an 
aphid species by parasites (natural enemies) rather than to put the species under 
control. Such information, however, could be of great significance lor an integrated 
control program on cultivated crops. 

zones. In our opinion, a multilateral control approach seems to be a necessary part 
of the integrated control program, being applicable in the same climatic zones. 
Nevertheless, there will be some differences connected with the seasonal liistory and 
occurrence of aphids and parasites m a given zone. General information in this 
respect may be obtained in the Bionomics and life-history chapter. 

MULTILATERAL and integrated control. It is generally agreed that integrated 
control must be developed around a certain crop and not around a single pest spcdcs 
(see: smith, 1962, stern & franz 1966, de fluiter 1967). 

This statement is without any doubt quite correct. We must really deal with a 
crop field as with an ecosystem m which the species are in various relations, etc., to 
develop an integrated control program. Integrated control of a smgle pest species 
would be incorrect, excluding the given speries of the ecosystem and ignoring the 
existing structure and interrelations present. 

Nevertheless, and this is the mam idea of our Multilateral control concept, the 
crop field as an ecosystem does not represent an isolated ecosystem, it has, as we 
have shown, many various more or less close connections with other ecosystems, 
which often are just an opposite as to their general character (forest-steppe). In such 
other ecosystems, we may find sources of the pest, etc. Therefore, we have to know 
the conditions existing in the other ecosystems with respect to the given pest species, 
before we could develop a certain integrated control program. Thus, we could 
briefly define the relationship between integrated control and multilateral control 
as follows: integrated control must be developed around a certain crop, the control 
of separate pest species must be multilateral. 

REFERENCES. 67, Il6, 125, 175, 228, 245, 247, 250, 295, 406, 408, 410, 414, 417, 
421, 425, 479, 480, 487-8, 507, 630, 640-1, 679, 705, 7r4-8, 765, S71, 872, 942, 950, 
1001, 1031, 1049, 1057, 1074, 1085, 1086, 1117, 1119, ri20, 1128, 1129, 1130, 1132, 
1152, 1154, 1245, 1279, 1286, 1327. 
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Zuscunmenfassung 


KAPiTtL i: einleitung. Die Gcschiclitc dcr Blattlausparasitcnforschung cntspricht 
lm Entwicklungslauf den auf die parasitischcn Gruppen dcr Hymcnoptcra allgcmctn 
gcnchtctcn Umcrsuchungcn. Dcr gegenwartige Stand kann als Revision der 
bbhengen Erkenntnisse und als wcitcrc, auf modcrocr Grundlagc fortschrcitcnde 
Entwicklung dcr Taxonomic charaktcrisicrt werden, und ist gckcnnzcichnit durch 
das intensive Studium dcr Parasitcnbiologie und den Einsatz von Parasiten bci dcr 
Bekampfung dcr Blattlausc. Dcr Stand der Grundlagcnforschung und angewandten 
Forschung ist gcgenscuig bcfruchtcnd. 


Die vorlicgcndc Publikation stcllt cine zusammenfassende Bcarbcitung dcr Biolo- 
gic dcr Blattlausparasitcn dar. Emc solchc Bcarbcitung bictet insofem Vortede, als 
sic cine zusammenhangende Emsichtnalime in vcrschicdcnc Aspekte viclcr biologi- 
schcr Fragen gewahrt, die bcim Studium von Tcilfragcn mast ausserhalb dcs Blick- 
winkcls stehen. Das Buch cnthalt ferncr zusammenfassende Anregungen fur die 
Ausncluung kunftigcr Arbcitcn. Dcr Verfasser Hess sich von dcr Idee Icitcn, fur die 
Bclangc dcr Praxis cine komplexc Information uber die gesamte Gruppe zu erarbei- 
tcn. Der schematischc Aufbau emspringt dcr cigcncn Konzepcion dcs Verfassers; 
die relative Komphzicrthcit dcr Arbeit ist durch das Bestreben gegeben, die verschic- 
B r r t'”* L!cht “ !“«»• Jedo Kap.tcl cnthalt enten Schnft- 
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KAPITEL IV : VERZEICHNIS DER GATTUNGEN UND UNTERCATTUNGEN DER CAN ZEN WELT. 
Der allgemeincn Ubcrsicht iibcr die Taxonomic dcr Gruppe dient die gemass 
Konzeption des Verfassers aufgcstclltc Liste der Gattungen und Untergatiungen dcr 
ganzen Welt. 

KAPITEL V: BESTIMMUNCSSCHLUSSEL DER GATTUNGEN UND UNTERGATTUNGEN DER 

ganzen welt. Der Bcstimmungsschlusscl dcr Gattungen und Untergatiungen dcr 
Welt ist rcich lllustricrt, und crmoglicht die gcnauc Bestimmung jeder Blattlaus- 
parasitengattung. 

KAPITEL VI : BIONOMIE UND ENTWICKEUNGSGESCHICJITE. In dlCSCin sclir Ulll/ailg- 
reichen Kapitel werden untersuebt: Evolution dcr Parasiten, ihr Vcrhaltcn, Lebens- 
dauer und Naiirung dcr Imagines, Kopulation, zahlcnmassigcs Vcrhaltnis der Ge- 
schlechter, Eiablage, Reproduknonskapazitat, Entwicklungsdaucr, Dispersion, 
saisonbedingter Lebensvcrlauf, Wirtsspezifitat, Kategorien innerhalb der Arten, 
gegenseitiger Einfluss und Adaptation von Parasit und Wirt, Bczicliungcn zwischen 
verschiedenen Blattlausgruppcn und lhren Parasiten, AusdeKnung auf einen nicht- 
naturlichen Wirt, Bezichungen innerhalb und zwischen den Arten. Bezichung von 
Parasiten und Amcisen. Die naturhehen Feinde dcr Parasiten. 

Aus dem von Weibchen des Parasiten in die Blatdaus gclcgtcn Ei schlupft die 
Laxve, die sich vorwiegend osniotisch cmahrt; die crwachscne Larve frisst die 
Gewebe des Wirtes, to let lhn und verpuppt sich innerhalb des Kokons. Der Kokon 
des Larvenparasiten kann sich entweder innerhalb oder ausserhalb der Wirtsblattlaus 
befinden. Die schliipfende Imago beisst sich aus der Puppe durch cm kreisfdmuges 
Loch und schlupft. Die Lage der Schliipfdffiiung istbei den cinzelncn Gruppen ver- 
schieden. Als Naiirung dient den Imagines vor allcm Homgtau der Blattlausc. Die 
Begattung hat weitgehenden Emfluss auf das Vcrhalten der Imagines, wobei das 
Pra- und Postkopulationsverhaltcn bei Alannclien und Wcibchcn verschieden ist. 
Bei Parasiten gibt es im wesentkehen 3 Arten der Vermehrung: Arrhenotokie, 
Dcuterotokie und Thcljotokie. Das zahlenmassigc Gcschlechtsverhaltnis ist durch 
eine Reihe von Faktoren bedmgt. Die Eiablage hat bei alien Blattlausw espen ahnh- 
chen Charakter, sie weicht jedoch m spczifischen Details ab. Die Parasiten konnen 
sich aktiv oder passiv vermehren. Das Sauonvorkommen der Blattlauswespen ist 
durch einc ganze Reihe von Umiveltfaktoren bedmgt. Eine grosse Rolle koinmt der 
Anpassung an den Lebenszyklus der Wirtsblattlaus zu. Die Parasiten sind im wesent- 
hchen stenotop, zum Umerschicd von den Blattlausen, wo eine Reihe von Arten die 
Fahigkeit besitzt, im Zusammenhang mit dem gesetzmassigen Wechsel dcr Wirts- 
pflanzen auch die Biotope zu wechseln. Die Wirtsspezifitat der Schniarotzcr muss 
als em Koinplex der Erfordcrmssc aller Entwicklungsstadien erachtet werden, wobei 
die Hauptaufgabe den physikahschen und fiorisrisclien Faktoren, dem Biorop, der 
Gemeinschaft, dem Wirt und den artspczifischen Eigenschaften des Parasiten zu- 
kommt. In der Bezichung von Parasit und Wirt sind Bcziehungen zwischen Arten 
(Populationen) und Bcziehungen zwischen Individuen zu unterseheiden. In Bezug 
auf die Bcaehung zwischen Parasiten und Wtrtsgruppen smd letztere taxononusch 
und morphologisch-okologisch zu unterseheiden, da beiden Aspektcn im Zusam- 
menhang mit der Wirtsspezifitat des Parasiten versclucdcne Bedeutung zukomint. 
Die Ablenkung auf einen mchtnatiirlichen Wirt verlauft im w esenthchcn in zwei 
Richtungen : auf der einen Scitc kommen solche Wirte m Betradit, die dem naturli- 
chen Wirt des jewciligen Parasiten verwandt sind, und zu Zw cckcn dcr Alassenzucht 
angewandt werden ; auf der anderen Seite ist es die Fortpflanzung von wirksamcn 
Parasiten aufemenneuen Wirt -den Schadling. Innerhalb der artbedingten Bczichun- 
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gen kommt dem Supcrparasitismus als Faktor, dcr die Population des Parasiten im 
gegebenen Okosystem regclt, grundlegcndc Bcdcutung zu. 1 m Rahmen der Be- 
zichungcn zwischcn den cinzelnen Atten wird dcr Parasit als Mitglicd ernes Kom- 
plcxcs von naturlichcn Blattlausfcindcn bctrachtct, untcr denen cs 3 Gruppen gegen- 
seitigcr Bczicliungcn gibt: Zusammenwirken, Konkurrenz und Verdrangung. In 
der Bczichung zmsclien Parasiten und den die Blattlausc schiitzcndcn Amciscn liegt 
uberwiegend indifferentes Vcrhaltnis vor. Die natiirlichen Feindc dcr Parasiten 
konnen entweder fakultativ oder obltgatonsch vorhanden scin und schlicsscn cine 
ganze Rcihe von Organismen, vor allcm Inscktcn, cm. 

kapitel vii: PUYLOGEKCSE. Zur Fcstlcgung dcr hauptsachlicbcn Entwicklungs- 
richtungen wurden fur Parasiten die Kntenen dcr gcographischcn Vcrbreitung, 
der Taxonomic, der Wirtsspezifitat und dcr Fossilicn angewandt. Die Blattlaus- 
parasitcn kann man in llirer Gesamtheit als cine progressive Gruppe betrachtcn. Es 
lasscn sich einige natiirbchc Gruppen unterscheidcn, die man jcdoch wegen dcr 
Unglcichartigkcit dcr in Anwendung gcbrachtcn Kritcricn vorlaufig besser ohne 
nomcnklatonschc Bczcichnung bclasst. 

KAPITEL viti: verbueitung in der welt. Die Parasiten sind im wcsentlichcn an die 
cinzelnen floristisclicn Zonen und lhrc Evolution gebunden. Infolgcdcssen kann man 
licutc cmc Rcihe von faunistischcn Komplexen und von parasitaren Hauptentwick- 
lungszcntrcn unterscheidcn. Die untcr den faunistischcn Komplexen bestehenden 
Bczichungcn sind sowohl fur das Verstandms dcr Evolution dcr Fauna, wic auch fur 
die Einfuhr dcr Parasiten im Rahmen dcr biologischcn Schadhngsbckampfung von 
Bcdcutung. Das Studium dcr Insclfauncn hat gczcigt, dass die kontinentnahen Insehn 
cine ahnlichc, jcdoch armcre Fauna als die benachbartcn Kontinente besitzen, 
wahrend die Fauna dcr ozcanischcn Inscln schr hctcrogcn 1st. 

kapitel ix : naturliche herde. Die Klassifizicrung dcr in dcr Natur vorkommen- 
den Parasiten ist cine dcr Grundvoraussetzungen fur die Einschatzung ihrer Aufgabc 
als Rcgulatorcn dcr Blattlaushaufigkcit, vor allcm in cincr Landschaft von landwirt- 
schafthchcm Charakter. Von dicsem Bhckpunkt wurden Methoden der Erforschung 
von Herden, ihrer Typisicrung und Einschatzung in Bezug auf die Stabilitat des 
jeweihgen Okosystems ausgearbeitet. Es wird cine ausgcdchntc mstruktivc Uber- 
sicht dcr parasitaren Herde in vcrschicdcncn Gcbictcn der Welt, insbesondcre in 
Mit tel- und Sudeuropa, und femer im Kaukasus, in Mittelasicn und Kuba gegeben, 
so dass im wcsentlichcn allc klimatischen Gcbictc und die hauptsachhchcn flonsu- 
schcn Zonen vertreten smd. Dies ebnet auch wcncrcn Bcarbcitcm den Weg. Be- 
sondcrc Aufmcrksamkeit wird auch dem Problemkrcis dcr anden Gcbictc gewidmct. 


kapitel x: naturliche vorkommensmoclichkeit der blattlXuse. Erne kntische 
Auswenung und Vcrcmhcul.chung dcr Sammlungsmcthodcn 1st bci der Verfolgung 
V blaulausc und ,brcr p„ lsltcn Vorbcduigung dcr 

Vcrglcicbbarkc.t dcr Er|pbnusc.UmdicBczrchungcnzwuchcnWirts- und Parasi.cn- 
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andererseits durch die Auswirkungcn dec Rcgulationskraftc dcs Okosystcms(Tatig- 
keit der naturlichcn Febidc), gcgeben ist. Einc Rcihc dicscr Faktorcn kann sowohl 
unter Laboratoriumsbcdingungcn als auch ini Freiland bcstiinmt werdcn. Der 
Wiikungsgrad des Parasiten ist als cin rclativcr Wert cinzuschatzcn, der durch cine 
Reihc von Faktorcn beeinflusst wird. 

kapitel xi: biolocische bekampfung der blattlause. In den cinfuhrcndcn Tcilcn 
werdcn die allgemcincn Grundsatze der biologischen Schadlingsbekampfung und 
die Auswertung der Blattlause als Bekampfungsgegenstand cincr Betrachtung untcr- 
zogen. Es wird eine zusammenfassende Anlcitung fiir die Einrichtung eincs der 
biologischen Bekampfung dienenden Laboratoriums gegeben. Das Programm der 
biologischen Bekampfung beginnt mit dcr Klassifizicrung dcs Okosystems, der 
Pflanze, des Schadlings, und der ortlichcn Parasiten. Es werdcn unter Bcrucksichti- 
gung dicscr Faktoren ortlichc wie auch eingefuhrtc Parasiten benutzt. Die Parasiten- 
ernfuhr ist ein koraplizierter Prozess, bei dem in der ersten Phase die Weltarten 
klassifizicrt, und die fur die Einfulirung gecignctcn Arten ausgesondert und ge- 
sammelt werdcn. Dieses Material wird dann auf Grund spezicllcr Verfahren auf den 
Bestimmungsort gebracht. Daraufhin folgt die Laboratoriums- und Frcilandsphase 
der biologischen Schadlingsbekampfung. Es wird euic Ubcrsicht aller fur Blatt- 
lausparasitcn in Anvvendung kommenden Methoden gcgeben. Hinzugefiigt sind 
Ubersichten dcr biologischen Schadlingsbekampfung innerhalb der emzelnen Zonen, 
auf Inseln, in Glashausem, in den cinzelncn Landem und Biotopcn ; femer eine Uber- 
sicht der Blattlausarten als Objckt dcr biologischen Schadlingsbekampfung und der 
Parasiten. 

KAPITEL XII : INTEGRIERTE BLATTLAUSBEKAMPFUNG. Die Emlcltung des Kapitcls ist 
einer gedrangten Betrachtung der Grundsatze der integrierten Scludlmgsbekamp- 
fung sowie der Auswertung der Blattlause und lhrer Parasiten gewidmct. 

Das Programm der integrierten Schadlingsbekampfung beginnt nut der Aus- 
wertung des Okosystems und dcs Schadlings. Die Grundlage bildet die natiirhche 
Regulation des Schadlings durch Parasiten (Natiirliche Feinde) und die biologische 
Bekampfung im allgememen; lhre Amwirkung wird erganzt durch kulturtechm- 
sche, chemischc oder physikalische Massnahmen. Die emzelnen Methoden der 
Bekampfung werden m iibersichtlichcr Form besprochen. Angeschlossen ist erne 
Ubcrsicht der integrierten Schadlingsbekampfung m den emzelnen Zonen, Landem, 
Biotopen und Pflauzen, imd femer eine Ubersicht der Blattlausarten als Objekte der 
integrierten Schadlingsbekampfung sowie ihrer Parasiten. 

KAPITEL XIII : multilaterale blattlausbekampfung. Dieser Aspekt, erne Onginal- 
auifassung des Verfasscrs, unterstreiehr die Vielseiugkeit derVorausserzungen und 
Moglichkeitcn zur Blattlausbekampfung. Die mtegnerte Bekampfung nchtet sich 
auf ein bestimmtes Okosystem (Pflanze), wobei jedoch besonders bei Blattlausen 
auch die Bedingungen anderer Okosysteme, die als Schadhngsreservoire inFrage 
kommen, in Erwagung gezogen werden. 
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Index 


ABBREVIATIONS: BC = BIOLOGICAL CONTROL, PC = FAUN1STIC COMPLEX, 
IC = INTEGRATED CONTROL, 

SCIENTIFIC NAMES OF APHIDS AND PARASITES SEE: LISTS. 


abdomen, adult 201 
AcynhosipUott pisum , bc 522 

- ic 562 

adaptations, host specificity 169 

- parasite, unnatural host 230-1 

- host X parasite relations 190 
adult, development 57 

- morphology, anatomy 13 
aestivation, foci 377-8 
afforestation belts, foci 393 
agar, food 65 
agroccnoscs 370 

alfalfa, aphid X parasite fauna 359 

- bc 521 

- ic 560 

- foci, 368, 371, 391, 395, 397 
alternative host 196 

- colonization 480 

- unnatural host propagation 232 
anaesthetization 475 

annual crops, bc 521 
ant-attendancc X parasites 259-69 

- ants X parasites 265-7 

- control 268-9 

- grouping 261-5 

- natural limitation 267-8 

- review 259-60 
X dispersal 108 

anthropurgic foci 367 

aphid groups X parasites 200-17 

- control 217 

- taxonomic groups 200-5 

- morpho-ecological groups 205-16 
Aphiauis avenue bc 524 

Aphid ins ervi bc 524 

- ic 564 

Aphidius matrieariae bc 524 

- ic 564 

Aphidius megourae bc 524 
Aphidius picipes ic 564 
Aphidius puhhcr nc 524 
Aphidius saluis bc 524 


Aphidius sin if hi BC 524-6 

- IC 564 

Aphidius Iranscaspiais bc 526 

- ic S65 

Aphidius sp. BC 526 
Aphis craccivora bc 522 
Aphis /abac BC 522 

- IC 562 

Aphis gossypii bc 522 

- distribution-parasites 350 

- ic 562 

Aphis ncrii BC 522 
Aphis pomi ic 562 
Aphis spiraccola bc 522 
apple, aphids ic 564 

- orchard, foci 371 

- ic 560 

application, insecticides, ic 545-6 

apricot ic 561 

area of distribution 305-7 

Argentine bc 519 

arid zone BC 157, 499-5 01 

- foci 407-10 
arrhenotoky 72 

artificial foci units, colonization 484-5 

- preparation 475-6 
attractant, food 66 
Aulacorlhiini solan i bc 522 
Australia bc 519 

- ic 558 

autochthonous foci 367 
autocidal control bc 530-1 
avenues, foci 40, 388 

banana ic 560 
barriers, spread 1 10 
Barthrin ic 551 
Bayer 29493 ic 551 
Bayer 3091 1 ic 551 
beans BC 52 1 
behaviour 58 

- biological control 58 



- diurnal rhythm 58 

- phototaxis 58 

X host X parasite relations 186-7. 92 
X host-specificity 171 
X mating 70 
X o\iposition 79-84, 86 
Bermuda islands, fauna 333 
BHC IC S$I 
Bildnn-R IC 552 
biocenosis 365 
biogeoccnasis 364 
biological control 452-53* 

- arid zone 498-501 

- autocidal control SJo-t 

- countries 5 19-2I 

- greenhouses 512-9 

- habitats, crops 521-2 

- injury, aphids X plants 454-5 

- islands 501-12 

- laboratory 456-8 

- parasites-agents 523-9 

- pest aphids-objects 453-4. 522-3 

- principles 452-3 

- terminology 452-3 

- trends 452-3 

- vectors 529-30 

- zones 497-8 

X ant-attcndancc 268-9 
X diapause, quiescence 154-7 
X unnatural host propagation 232 
biological races, rntraspccific categories 
1 80-1 

bi-spccific foci 367 
Bordeaux mixture 1C 552 
Boreal Europe re 313-4 
botanical gardens, foci 401 
B revieoryne btassicae, distribution-parasites 
3JO 

- BC 522 

- ic 562-3 

British Isles, fauna 329 

- faunal connections 344 

cabbage BC 52t 

- ic 560-1 

- field, foci 392 
Calcium arsenate IC 552 
Canada bc 519 

- ic 558 

Canary Islands, fauna 333 
Carbaryl ic 552 
Carbophcnothion ic 552 
Catalogues 11 
Cavanclia aegopodti bc 522 
center of distribution 30s 
Central Asian Deserts re 322 


cereals 1C 561 

- field, foci 391 
chemical control ic 542-55 
cherry bc 521 

- ic 56: 

Chlordanc IC 552 
Chlorthion-R ic 552 
Chrontaphis juglaudicola bc 522 

- IC 5 <53 
chronic foci 368 
circulatory system, adult 25 
citrus, aphids ic 564 

- aphid X parasite fauna, 357-** 

- bc 521 

- IC 561 

- orchard, foci 371-2 

- plantations, loci 396 

clean cultivation, diapause, quiescence 
158-9 

- foci 415 

- IC 538-9 

clean culture concept, foci 384 
clean culture 435 
climate, review 297 
dines, intraspecific categories 180 
cocoa, aphid X parasite fauna 358-9 
coffee, aphid X parasite fauna 357-8 
collection 11 
colonization 477-90 
colonization site 477-81 
coloration, adult 25 

- host X parasite relations 

- intraspecific categories 180 
competition 241, 244-6 
complex treatment ic 545 
conditioning forces 424-5 
confined release 485 
coniferous forest, foci 385 
conservation, colonization 497 

- foci, 375-6, 4to-i2 
control, dispersal 109 

- spread 113 
cooperation 242, 243-4 

- dispersal 108 
cotton ic 561 

- field, xoci 397 
cover crops ic 538-9 
crop fields, foci 3 83 
Cryolite tc 552 
Cuba bc 519 

- fauna 330-1 

- faunal connections 345 

- island fauna, peculiarities 336-40 
cultivated landscape, fauna 327-8 
cultural control ic 538-42 
cultural practices, colonization 495 
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cutting, diapause, quiescence 158 
Czechoslovakia bc 519 

- ic 558 

damage, 3phids 455 

- criteria 455-6 
ddvp ic 552 

DDT IC 552 

deciduous forest bc 521 

- foci 385-6 

- orchards bc 521 
Demeton IC 552 
Demeton methyl I. IC 552 
density dependence 424-9 
density dependent factors 425-6 
density independent factors 424 
dcutcrotoky 72 
development 42-57 

- adult 57 

- embryonic d. 42-7 

- larva 47 

- postembryonic d. 47-57 

- prepupa 56 

- pupa 56 

X host X parasite relations 184-5 
Diacrctiella rapae bc 526 

- ic 565 

diagnostic characters 9 
diapause 128-9, 1306, 146-51 

- interspecific relations 253 

- intraspecific categories 181 
Diazinon ic 552 

Dibroni ic 552 
Dilan ic 552 
Dilan-R i c 552 
Dunefox ic 552 
Dimethoatc ic 552 
disjunction of area 308-9 
dispersal 100-10, 123-5 

- ant-attendance 108 

- control 109-10 

“ co-operation, natural enemies 108 

- effectiveness 108-9 

- foci 107 

- host X parasite 102 

- induction 103 

- kinds 102 

- mode 100 

- rapidity 107 

X colonization 494 
X foci 37S-80 

Xhost X parasite relations 189, 192. 
193 

X host X parasite 1S3 
X host specificity 169 
X interspecific relations 253 


X sex ratio 76 
X superparasirism 23 S 
displacement 246-7 
distribution 293-360 

- aphid phylogeny 300-1 

- classification 293 

- control 345-6 

_ faunistic complexes 312-28 

- floras and faunas 294-300 

- island fauna 329-45 

- parasite phylogeny 301-2 

- terminology 293-4 
X foci 376 

X interspecific relations 254-5 
X phylogeny 276-S 
X superparasitism 236 
Di-synton ic 55 2 
Di-synton-R ic 55 2 
diurnal rhythm 58 
diversity of stand 433 
Dylox ic 55 2 
Dysjphis planl^incj 1C S63 

Hast Eurasian fc 315 
ecological honiologucs 256-7 
economic injury level 534 
economic threshold 534 
ecosystem 364, 370-1 

- bc 459 

- ic 536 

- laboratory 4-2 1 

_ multilateral control 569-70 
effectiveness, colonization 495 

- dispersal 108-9 

effects of host on the parasite 189-93 

- control 193 

- influence 191-3 

- relations 1S9-91 

effects of parasmzation on the host 181-9 

- control 1S9 

- influence 184-9 

- relations 181-3 

- selectivity 183-4 

egg, morphology and anatomy 13 
egg dispersal, ovipositioii 85 
Egypt IC5SS 
emergence, oviposition 80 

- sex ratio 74 
endemics 309-1° 

- islands 343-4 
Endosulfan IC 55 2 
Endothion ic 552 
Endrin ic 553 

environment, colonization 47*“9 
environmental forces 1 -4 -6 
Ephedras incomplctus bc 526 
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EphcJrut ptrsicM uc 5 26 

- ic 565 

UphcJrus plagialor bc 526 

- ic 565 

eradication ic 536 

Ijiosoma liiriigcruni, distribution-parasites 
347-8 

establishment 490*4 

- futures 493-5 

- foci 4*4 
Ethion ic 553 

Eurasia X N. America, fauna 325-7 
Eurasian Steppes re 319-21 
Europe X Far Eait, fauna 327 
Europe, far East, N. Anvcnca, fauna 327 
European Deciduous Forest ic 316-S 
cs erg real o retards hC 521 
experimental communities 440-6 

facultative host 196 
Far Eastern Deciduous Forest ic 31&-9 
Far Eastern tlora, pruiciplcs 296-7 
fauna 294 

faunnuc complex 294 
tlonitic formations 298-9 
fecundity 88-90 

- food 66 

- holt X parasite relations lya 

- ossposition 87 
fcinkzmg 1C 540 
fields, foci 368-9 
foci 36 t- 4‘7 


- weed plants 382-5 
X dispersal 107 

X interspecific relations 253 
food, adults 62-7 

- biological control 66-7 

- factors 66 

- kinds 62-5 

- searching 65-6 

- significance 66-7 
X adult longevity 59 
X mating 69 

X oviposition 87 
X reproduem c capacity 92 
X sex ratio 76 
Fosfotion ic 553 
fossils, phytogeny 283 
France »c 519 

- ic 558 

fruit tree aphids ic 564 

gall aphids 205-9 
CC-4072 1C 5 J 1 

geographic distribution, reproduction 73 
genera and subgcncra of the world, key 
33-41 

- list 29-34 
genitalia external 21 

- internal 25-8 
Germany bc 519-20 

- ic 338 

governing medunurns 425-6 
Great iintaui bc 520 



host adaptation 195-6 
host, adult longevity 60 
host classification 196-7 
host density, sex ratio 77 
host resistance 226 
host specificity 161-78 

- control 178-9 

- development 161-3 

- interspecific relations 177 

- laboratory and field 177 

- phases 173-5 

- Phylogenetic parallelism *75 _ 7 

- range 173-5 

- taxonomic research 177-8 
X dispersal 105 

X foci 378 

X interspecific relations 251-2 
X intraspccific categories 1 80-1 
X natural limitation 436-7 
X oviposition 87 
X phytogeny 279-82 
X reproductive capacity 92-3 
. X sex ratio 76-7 
X superparasitism 236-7 
Hyaloptcrus pnini bc 522 

- ic 563 

hyperparasites 270-2 

- diapause, quiescence 146 

- islands 509-10 

- interspecific relations 25s 

- natural limitation 429 

- superparasitism 238 
hyperparasitism 197-8 

Iceland, fauna 329-30 

- faunal connections 344 
identification 9 
immigrants, islands 341-2 
importation of parasites, bc 463-4 
India bc 520 

- ,c SS8 

indifferent foci 368 
indigenous parasites bc 461-2 

- colonization 479-80 
ineffectiveness, colonization 496-7 
initial establislunent 490 
inoculation release 483 
insecticidal checks 421 
insecticides, action ic 548-9 

- colonization 495 

- diapause, quiescence 159 

- interpretation ic 551 

- parasites ic 546-8 

- review ic 551-5 

- superparasitism 239 
integrated control 532-66 


- aphids, classification 534-5 

- aphids-objects 562-4 

- countries 557-60 

- eradication X ic 536-7 

- habitats, crops 560-2 

- parasites-agents 564-6 

- parasites, classification 535-6 

- principles 532-4 

- program 537-57 

- terminology 532-4 

- zones 557 

X ant-attcndancc 269 
intensification of bc 452-3 
intercropping IC 540 
interspecific relations 240-59 ' 

- competition 244-6 

- cooperation 243-4 

- control 257-9 

- displacement 246-7 

- ecological homologues 256-7 

- factors 247-56 

- kinds 241-3 

- origin and evolution 240-1 

- stability 246 

X insecticides ic 549-51 
intraspccific categories 179-81 

- biological races 180-1 

- dines 180 

- control i8t 

- subspecies 179-80 
intraspccific relations 233-40 

- control 240 

- developmental stages 233-4 

- superparasitism 234-40 
Intration ic 553 
introduction bc 155-7 

- diapause, quiescence 154-5 

- interspecific relations Z58 

- natural limitation 450 

- principles-distnbution 345-60 

- release 58 
mundative release 483 
Iraq ic 558 
irrigation, foci 415 

- ic 555*6 
islands bc 501-12 
Isolan ic 553 
Italy bc 520 

- ic 558 

Japan, fauna 331 

- IC 558 

key, world genera and subgcnera 33-41 


631 



laboratory nc tfz-yj 

- ijuatintinc 470-2, 456-7 
larv a. development 47 

- morphology, anatomy 1 3 
Lead arsenate jc 533 

leaf-t u/hng aphids 205-9 

Ifgt 20 

lifc-cyclc of aphids, colonization 47v 
Lindane ic 55} 

Ltfuflu puuJjlraavJt ic 56 j 

hit, world genera and subgcncra 2 [>-32 

longevity, j dull* 5W: 

- t'lologlCil COIltfol 6l-4 

- factors j W,t 

- significance 6t 
X fot *J M 

X hint X pi mice relations i&k. 1 yi 
X interspecific relations 248 
X macing 7a 
X imposition 87 
X vex utKi 76 
Ur'iufjpH U..hMI BC 522 
l jufhJui pUauu BC J2& 

Ml jm5rfWU| ic 565 

I.)|ifAIif-Ml/J'an.M tC 526 

- 1C y*j 

Ljiifhlthu totxnpts bc 526-7 

- it. }ftj 

l.)H pAM-ur >p. Be JJ7 


X food 66 

X imposition 86 

X reproductive capacity 91 

X vex ratio 74 

meadow j, foci 383-4, 388-90 
Mediterranean ic 319 
A/r^jurj 1 itiac bc 523 
Mcnazon ic 5J3 
Mestasystox ic 553 
Mctai) stox-u IC 553 
Mention ic 553 
Mcihox)fWor ic 553 
Mcth)lparathton ic 553 
Mev inphot ic J53 
Mexico »c 520 
methods 3-12 

- catalogues 11 

- rollrcMon jj 

- diagnostic characters, synopsis 9 

- identification 9 

- mounting 8 

- photographing 12 

- preserving 7 

- rearing 6 

~ sampling 4 

- searching 3 

- selection 6 
migration 11 3-5, 120 

- control 126*7 



multiple introductions, interspecific rela- 
tions 259 

mummification of aphids 48-57 
Myzu< ccrasi ic 563 
Myzus pcrsieac bc 523 

- ic 563 

natural balance 423-4 
natural communities 422-3 
natural enemies 269-72 
nature conservancy, foci 416-7 
natural limitation 418-52 

- control 448-50 

- experimental communities 439-46 

- methods 418-22 

- natural communities 422-39 

- parasite effectiveness 446-8 
X ant-attendance 267-8 

X islands 342-3 
nectar, food 64 
Neotropical fc 323 
Netherlands ic 558 
New Zealand bc 520 

- fauna 332 

- IC558 
Nicotine ic 553 
Nicotine sulphate ic 554 

North American Coniferous Forest ic 3 16 
North American Deciduous Forest fc 3 19 
North American Steppes fc 321-2 
noxioux foci 369 

oaks bc 521 

oases, foci 397-8 

occasional pests ic 532 

old foci 367 

oleander bc 521 

open release 485-6 

orchards, foci 388, 394-5, 401-2 

ornamentals bc 521 

- IC 539-40 
opposition 79-88 

- adaptations 85 

— behaviour 79-84 

— eggs per insertion 84 

— egg dispersal 85 

— factors 86 

— influence on female 88 

- habits 79 

— host paralyzation 83 

- preopposition period 79 

- rapidity 84-5 

- site 82-3 

- stings 84 

— strikes 83-4 

X dispersal 102, 105 


X food 66 

X host specificity 169 

X interspecific relations 250 

X mating 69,70 

X sex ratio 75 

X superparasitism 237 
outbreaks, natural limitation 434 
ovisorption 90 

Pakistan bc 520 
paralyzation 83 

- host X parasite relations 1S9 
parasite adaptation 194-5 
parasite classification 197-9 
parasite effectiveness 447 
parasitism 197 

- subcategories 199 
parasitoids 198-9 
Parathion IC 554 
parks, foci 388, 400, 402 
parthcnogcnetic populations, mating 71 
partial treatment ic 545-6 

peach BC 521 

- IC 561 

peat bogs, foci 387 
Pcnlalonia ttigronervosa ic 563 
peppers ic 561 

percentage of parasitism 421-2 
perennials bc 521 
permanent bc 452-3 
permanent establishment 491 
persistent pests ic 532 
Perthane-R ic 554 
Peru bc 520 

- ic 558 

pest aphids, bc 460-1 
pest status, aphids 454-5 
pesticides, colonization 481 
Philippines, fauna 333 
Phorate ic 554 
Phosdrin ic 554 
Phosphamidon ic 554 
photographing 12 
photoperiod, adult longevity 59 

- mating 69-70 

- reproductive capacity 95 
photo taxis $8 
phylogeny 273-292 

-comparison, fossil X recent 275-6 

- control 291-2 

- directions 276 

- factors 284-5 

- key 274-5 

- natural systems 2S6-9 

- origin 273 

- review, fossils 273-4 
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- diapause 128-9, 130-6, 146, 151 

- quiescence 128-9, 136-46, 151 

- migration 113-5, 122-5 

- natural limitation 153-4 

- significance 15 1-3 

seasonal occurrence, sex ratio 77-8 
selection, methods 6 
selectivity, insecticides ic 543-5 
self-regulation 424-9 

seif-regufatory mechanisms of popula- 
tions 426 

scmi-confmcd release 4S5 
semidesert, foci 396 

sequential parasitism, interspecific rela- 
tions 259 
Sevinic 554 
sex, adult longevity 59 

- food 66 
sex ratio 73-9 

- biological control 78-9 

- factors 74-8 

- mechanisms 74 

X host X parasite relations 192 
X mating 69 
shade trees IC 539*40 
shipment 467-70 

- adult longevity 62 

- diapause, quiescence 155 
Schizaphis graminum bc 523, 563 
Schradan ic 554 

Sicily, fauna 332-3 
Sitabium avenae ic 563 
Sifo&iwm sp. bc 523 
size, adult 25 

- host X parasite relations 192 

- reproductive capacity 92 
Soldep ic 554 

spot treatment ic 545-6 
spread 1x0-3 

- control 1x3 

- effect 1 12-3 

- host X parasite 112 

- kinds in 

- mode iio-ii 

- rapidity 111-2 

X colonization 494 
stability of area 308 
stability of environment 430-3 
strip cutting, foci 415 

- ic 541-2 

strip fanning, foci 415 

- ic 540-1 

strip treatment ic 546 
storage, adult longevity 62 

- colonization 482 

- reproductive cap a city 100 


- sex ratio 78 
Subantarctic Forest FC 323 
subsidiary host 196 

subspecies, intraspecific categories 179-Sf 
subtropics bc 498 

- foci 406 
success bc 453 

sugar beet, foci 372, 392 

- ic 562 

sugar cane, foci 402-3 
superparasitism 197-8, 234-40 

- dispersal 107 

- interspecific relations 253 

- reproductive capacity 92 

- sex ratio 75 

- unnatural host 225 
surplus male 71 
swarming 67 
Switzerland ic 558 
synecological optimum 437-8 
synovigeny 89 

syrup, food 65 
Systox ic 554 

Taiwan, fauna 331-2 
taxonomy, phylogeny 278-9 
tea plantations, foci 396 
temperate zone BC 498 

- foci 406 
temporary bc 452-3 
temporary foci 368 
tepp ic 554 
thelyotoky 72 
Thcrioapltis trifohi bc 523 

- distribution-parasites 348 

- ic 563-4 
Thiodan ic 554 
thorax, adult 18 

tillage, diapause, quiescence 157-8 

- foci 415 

Tinocallis caryaefoiiae bc 523 
Toxaphene ic 554 
Toxoplera aurantii bc 523 

- distnbution-parasites 350 

- ic 564 

Toxoplera eitricidus, distribution-parasites 

348-9 

transport, colonization 482-3 
treatment, foci 414-5 
treatment practices ic 545-6 
Trioxys angelicae bc 528 

- ic 566 

Trioxys communis bc 528 
Trioxys complanalus bc 528 

- ic 566 

Trioxys pattidtts bc 528 
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List of scientific names — aphids. 


Acanthodtcrmcs querens roll. 
Acyrthosiphon bidaiticola smith 

- caragatiae chol. 

- gossypii mordv. 

- pisum HARRIS 

- spartii koch 

- superbuin born. 

Allocotaphis qua;stionis born. 
Amphorophora ampullata bckt. 
Anuraphis miJdlclcm THOMAS 

- subtcrranca walk. 

Aphis abbreviata patch 

- acanthi schrk. 

- agatheriae 

- bantbusac monk. 

- buplcuri horn. 

- (erasifoliac fitch 

- clitoris KALT. 

- dirysothamni whs. 

- eJematidh koch 

- cognatclla jones 

- corcopsidis THOMAS 

- conitfoliac HTCH 

- craccae l. 

- craccivora koch 

- cusutae davis 

- cytisorum Htg. 

- t’ pilch it KALT. 

- euphorbias kalt. 

- fabae scop. 

- farinosa gmel. 

-frangulae koch 

- gahi-scabri kalt. 

- genistae scop. 

“ S 0SS YPH glov. 

- grossulariac kalt. 

- hedcrac kalt. 

- hclianthi mon. 

- heraclella davis 

- idaei v.d.g. 

- illinoisensis shimer 

- intybi koch 

- kUmeschi born. 

— I abur III KALT. 

- lambcrsi born. 

- lutesccns mon. 

- malvifoliae fitch 

- medicaginis koch 

- mordwilkiana dobrowl. 

- nasturtii KALT. 

- firm b.d.f. 

- ncogilkld palmer 

- ncomexuana cock. 

- ncorcticulata theo. 


- newloni theo. 

- oenolhcrac Oestl. 

- ocstlundi GILL. 

- origatti pass. 

- phaccliac G. and p. 

- plantaginis SCHRK. 

- podagretriac SCHRK. 

- polygonata nevs. 

- point DEG. 

- potcrii born. 

- pscudohedcrac ruro. 

" punicac pass. 

- ramonae swain 

- rhamni fonsc. 

-v ruborum born. 

- rumicis L. 

- salviac walk. 

- sambuci L. 
sarothainni franss. 

- scaliai D.G. 

- sdtueidert born. 

- scdl KALT. 

- solancUa theo. 

- spiraccola patch 

- spiraephaga holman 

- stachydis mordv. 

- taraxacicola BORN. 

- thontasi bSrn. 

- umbrella born. 

- urticata kalt. 

- valid h.f.l. and stroyan 

- vandergooti borner 

- verbasci schrk. 

- viburni scop. 

Aulacorthum aegopodtt born. 

- chelidonii kalt. 

- dryoplcridts holman 
■>- gcranii KALT. 

- solan i kalt. 

Bocrncrina depressa bramst. 
Bracltycaudus ballotac pass. 

- ealligoni nevs. 

-- cardui 1_ 

- helichrysi kalt. 

-- lychnidis L. 

- mordwtlkoi h.r.l. 

- rumexicoletu patch 

- salsolaccarum nevs. 

- saxatilicae nets 

- tragopogonis kalt. 
Brachyeohts twxius mordv. 
Bret'koryne brassicae l. 
Buchncria pcclinatae NORDL. 
Byrsocrypta uhni l. 
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Microlophium evansi theo. 
Microsiphum millefolii wahlgr. 

- nudum holman 
Mirotarsus cyparissiae koch 
Moncllia earyae mon. 

- COSldl'tS FITCH 

Myzaphis bcibicnkoi narz. 

- rosarum kalt. 

Myzdla gakopsidis kalt. 
Myzocallis carpini koch 

- coryli goetze 
Myzus ajugae schout. 

- audits WALK. 

- ccrasi f. 

- hotightoncnsis troop. 

- ligustri mosl. 

- omatus laing 

- pcrsicae sulz. 

Nasonovia nigra h.r.l. 

- piloseUac b5rn. 

- ribisnigri mosl. 

Ncclaroiiphum rubi kalt. 
Ncomyzus tircuntflcxus bckt. 
Oregma latiigcra zehnt. 
Pachypappa vcsicalis koch 
Paczoskia major born. 

Passcrinia ictrarhoda walk. 
Pemphigus Uchtcustcini tullgr. 

- spiroihccae pass. 

Pentalonia nigronervosa coq. 
Periphylltis mamontovae narz. 

- vtllosus HTG. 

Pltalangomyzus oblongus mordw. 
Phorodon htunuh schrk. 

Phyllaphis fagi l. 

Prociphijus fraxini lrrc. 

Protaphis carlinae born. 
Protoiachnus agilis Kalt. 
Psetidobrei'icorync erysinti holman 
Pterochtoroidcs pcrsicae chol. 
Pterocomma pilosum bckt. 

- saiicis l. 

Rhodobium porosum sand. 
RhopaJomyzus aipigctiae born. 

- ascaionicus DONC. 


- poae will. 

khopalosiphoninus latysiplton theo. 
Hbopabsiphum diantlu schrk. 

- maidis fitch 

- nymphacM u 

- oxyacanthae schrk. 

- padi L. 

- pnimfoliac fitch 
koepkea marchali born. 

Sdtizaphis gramimnn rond. 

- longicaudata 1I.R.L. 

- scirpi Kiltcl 
Schizolaclmus pined F. 

Schizoncttra tilmi l. 

Semiaphis dauci F. 

- dauci scssclii born. 

Sipha fat’d FORBES 

maydis pass. 

Sitobium arcnac F. 

- equiseti HOLMAN 

- fragariae walk. 
grattartum kirby 

- itltcum BCKT. 
sah’tae bartl. 

Slamtm lentiscoides mordv. 
Staegcriella nccopmata born. 
Stagona xyiostei deg. 

Stomaphis qucrcus L. 

Symydobius oblongus v. heyd. 
Tclrancura hirsuta baker 
>• ulmi l. 

Tltdaxes dryophtla schrk. 
Tficrioapltis ononidis kalt. 

- trifolli MON. 

Tinocallis caryacfoliac davis 

- plalani kalt. 

Tttanosiphon artemisiae koch 
Todoladituu abteltcola chol. 
Toxopiera auranlti b.d.f. 

^ citricidus kirk. 

Tubcrculoidcs annulatus htg. 
Tubcrolaclmus salignus gmel. 

Vttcus vilifohi born. 

Xcrophilaphis plotmkovi nevs 
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List of scientific names— parasites. 


Acanthocaudus smith 

- caudacanthus smith 

- SfJl/uigoi MUESEBECK 

- tisseti SMITH 
Aclitus FORSTER 

- obscunpautis forster 
Aphidius NEES 

- absmthii marshall 

- alius MUESEBECK 

- arcolatus ASHMEAD 

- avenac iiauday 

- avettaphis FITCH 

- caraganae start? 

- cingillatlis RUTHE 

- COIlfllSUS ASHMEAD 

- cquiseticola start? 

- ervi HAHUAY 

- foridainsis smith 

- ftmebns mackauer 

- glfuctists ASHMEAD 

- hieracionwi START? 

- horlcnsis marshall 

- impressus mackauer 

- loniccrae marshall 

- matricariae haliday 
— h maximus Theobald 

- megourae start? 

- tmrolarsi start? 

- nigrescent mackauer 

- II (gripes ASHMEAD 

- obscurtpes ASHMEAD 

- oh iocn sis SMITH 

- pascuorum marshall 

- phalangomyzi start? 

- phipes nees 

- pisivorus sMixu/syn. of pulciicr baker/ 
. - polygonaphis fitch 

- pulcher BAKER 

- nbis HALIDAY 

- rosac HALIDAY 

- rubi START? 

- salignae watanabe 

- saheis HALIDAY 

- setiger mackauer 

- stearins mackauer 

- smiihi sharma and subba rao 

- sonthi MARSHALL 

- tanacctarius mackauer 
— Iranscasptats telenga 
Archaphidus start? and schlinger 

- .^recniJeae start? and schunger 
+ Archipraon start? in litt. 

- .gaiuiii quius 
Arcopraon mackauer 


— Icpcllcyi waterston 
Bioxys stary and sciillncer 

— japmticus start? and schunger 
Borcogdlbd mackauer 

— gladlfcr MACKAUER 
Calaphidius mackauer 

— clegatis MACKAUER 
Chactopatiesia mackauer 
_ talis MACKAUER 
Diacrctellus start? 

— ephippiuni haliday 

— hemzci mackauer 

— macrocarpus mackauer 

— palustris start? in litt. 

Diacreticlla start? 

— tapae m'intosh 
Diacrctus forster 

— Icucoptcrus haliday 
Dy sail ulus iuncks 

— platliccps MARSHALL 
Ephcdrus HALIDAY 

— brc.'is STELIOX 

— cahfonttcus baker 

— campestris start? 

— cerasicola start? 

— subg. Ephcdrus s. str. 

— incomplcius provancher 

— laccrtosus haliday 

— subg. Lysephcdrus start? 

— minor stelfox 

_ + mirabilis tim o n-da vid 

— nacheri quius 

— persicae frocgatt 

— plagiator nees 

— + primordialis brues 

— validus HALIDAY 

+ Holoaiomus quhjs 
— i- hracontformis quius 
Ltpolexis forster 

— gracilis roRSTER 

— oregmae gahan 

— scutellaris mackauer 
Lysaphidus smith 

— adelocarinus smith 

— ari'cnsis start? 

— crysimi start? 

— piaicnsis brethes 

— ramithyrus smith 

— rosaplndis smith 

— schtinilschcki start? 

Lysiphlcbia start? and schunger 

— japonica ASHMEAD 

— rugosa star 1 ? and sciniNGER 
Lysiphlcbus fOrster 
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— b quicvmtxi quhjs 
4- Propraon brues 

- + cellularis brues 

+ Prolaeanlhoides mackauer 
— b fuscus QUILIS 

b fosstlis MACKAUER 

Protaphidius ashmead 

- itawaii ashmead 

- wisstnaititii RATZESURG 
+ Protephedrus quhjs 
— b terciarhu quhjs 

4- Protodiacrctiella start? in iitt. 
— b berdlattdi quilis 
4- Pseudaphidius stary in litt. 
— b cctiozotcutn quhjs 
— b fosthfcrus quhjs 
— b lysipblcboides quhjs 

- 4" nigrofacies quhjs 

- 4* oUgoarundinis quhjs 
— b oligocaius quhjs 
— b premedicaginis quhjs 

- 4- pseudograuariits quhjs 
— b salinifcrus quhjs 

— b torncli quhjs 
Pseudephedrus stary 

- ncotropicalis start? 
Tanytridiophorus mackauer 

- pctiolaris mackauer 
Toxarcs hauday 

- deltigcr hauday 

- slligat TAKADA 
Trioxys hauday 

- acalephae marshall 

- ameraccris smith 

- angelicae hauday 

- asiatiais telenga 

- auclus HAUDAY 

- betulae MARSHALL 

- subg. Bctutoxys mackauer 


- subg. BinoJoxys mackauer 

- bonncvilensis SMITH 

- brcvicomis hauday 

- brunnescens stary and schunger 

- carinatus stary and schunger 

- caitanreac hauday 

- cirsii curtis 

- communis gaiian 

- complanaws quhjs 

- compressicontis ruthe 

- coruscanigrans GAIIAN 

- confucius MACKAUER 

- falcatus MACKAUER 

- subg. Fissicaudt-s stary and SCHUNGER 

- genistac mackauer 

- glabcr stary 

- hcracici hauday 

- hortorum stary 

- hu.nuli mackauer 

- ibis mackauer 

- illdictis SUBBA RAO and SHARMA * 

- Ictlfcr HAUDAY 

- Ill tcollts STARY and SCHUNGER 

- macroccratus MACKAUER 

- oricntalis stary and schuncer 

- pallidas HAUDAY 

- patmonicus start? 

- paiauctus start? 

- subg. Pccloxys MACKAUER 

- phyllaphidis mackauer 

- sibaticus start? 

- sih’icola stary 

- sinensis mackauer 

- spinosus start? 

- struma gaiian 

- subg. Trioxys s. sir. 

Xcnostjpmus smuii 

- bifasciatus ashmead 



